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(57) Abstract: A semiconductor storage device 
having a first conductivity type region formed 
in a semiconductor layer, a second conductivity 
type region formed in the semiconductor layer 
in contact with the first conductivity type region, 
a memory functional element disposed on the 
semiconductor layer across the boundary of 
the first and second conductivity type regions, 
and an electrode provided in contact with the 
memory functional element and on the first 
conductivity type region via an insulation 
film, and a portable electronic apparatus 
comprising this semiconductor storage device. 
This invention fully copes with scale-down and 
high- integration by constituting a selectable 
memory cell substantially of one device. 
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£ LT\ MR AM (Magnetic Random Access Memory) t*fo%> (M. Durlam et al. , 
Nonvolatile Ram Based on Magnetic Tunnel Junction Elements, International 
Solid-State Circuits Conference Digest of Technical Papers, ppl30-131, Feb. 2000 

)o 

£ <D X 0 ^MR AM%ififet5 1-0<D**tV ±/Wlg&tttimwm SrH 3 6 ( a ) 

\c % *$ffim&m&m3 6 (b) ^-r 0 

^*y-fe/W4, ^J&#t9 1 l ^51^h7>-^^ 9 1 2i:j$M*A<ga&9 1 7.R 
0t=2^^ hzfy^9 1 8^UT^$tbT«fe)c$tbTV^. ^^9 1 

^Jg£t9 1 IteMT J (Magnetic Tunnel Junction) T*^$4xT*3«9, If y h 

m9 1 4izMVTm&i-z%mzjm£tiiz.m%&:x-y-h'm9 1 3t\?y hmt 

ic<t <o m&Ztixts V s ffiW&9 2 0 <D-Xn* */HS8l9 1 7 
h^i/9 1 8fcfrUC»naafi#i9 1 lK&j^&ih/CiStK tiil^tey- 
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m&i7i9 1 1 izmtizmmm. 0 % ^^9 1 1 (Dma^m^-t^ ^t\cx 

^(DXvi^ MRAM^.*yt/Mi, 3itifrm*X'frZpjmm.9 lit, 3#£ 
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mm£titz^&m±imj&istLtz7-hwmmt, m?- hfmmi\cmm^tLtz 
^■—w— hmmt. mz*— hmmm.Ticwm.^titz^^/^mmt, ^^j^mm. 
(Dmm\mw.*fttz2^<Dffim&t. me.?- hmm^wimxh^x, mmm^ 
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^;vmm±\zM^thtz^- vmmt. hmm±^m^tLtzm^(D 

-i$<D±:\z.m<ox s mm&<r>y--Fm<Dmm^ mm^-vm, v^ngm, m& 
mmzMLxw&ximmmzfrLxj&j&ztitz. imzwmxi* t ? yy-tzmm 
z#-tz>mffiimmb. mzmmmbmrnzth, imv-mb&m-tttfaKw 

^&m±^?-bmm$:jtLxM]$£titz.v t >-hmMb. imm 
tm^~bmmb^m<D^ti^\zmm^fhrz2-D(Dmm^b. tm<y~- hwm 
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mtBmmcD*:fr^ti\zmw.zhtz 2 ^ 2 mwgtmtom&t <o . mm* 
tEMimmi^^mm^ mm**vmfeft<DT^rnmmmm&Bx\ ±.m? 

(D**V mmfc(Dt%!£ -e<7>8ggf^ CkTZkg, A < B < C ft 3 §m&f& V Z&o^ 

y-btmmk, my-bmmjt\m&isthtc?-bimk. mv-b 
^Htisy- h mmk Rttrnv^ti^fiizmmztitc 2 ^<nNmrnsm.k . mm? 
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So 

So 

B2 lXt*B2 2tt*mo¥*Mttim <£ft<0?gttl 3) (Oagfi^SrK^ 
E3 2 2 6 tt® 2 4 O^gpo&^Bg»f®iaT?fc5 0 

So 

B2 9tt4mo4HMmBtK (»II16) <DMoflBKKiiiBa^^ 
Bsoii^^o^MaftigB «*^i7, oWEflDWBWBH-C*,*! 

a 3 Q^^^mm?.mmm^i-^U(Dimmmmx^ 0 
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&mm<DBmiz&\,^xmntsthx\,^M}mm^ m<»w&<njm\z.&^Tm 
mi>xh£\<\ 

Ell (a) tt x *^©^^1i^mo-^J^bT, ^ a B H TFT^^60^ 

m®mw%\z.m^b*LZ> 0 *fc x mi (b) ^ **rv±/wm&wmxfoz> 0 
3 kmLxMi&t!ttNmffi&fm6 0 4t, ^m^me 0 2±k n p^&t«?n£6 

^^^W6 0 5td£U PMJ£tS:^6 0 3±«gH$£6 0 6£^LT1?/&$*L 
PMtetS:0^6O3^{*^$ttfc¥-^ffi^6O7^^WbTVN^ o £<bt£, pi 
i£m^6 0 3(D&ffiia*Mm&&Mi/V KJ3I6 0 ztmtfLZivxioK) , z<Dm 
m.&&Mi/V-V-'( KJ^6 0 8tliEii6 0 Sa #g^£;ftXV^o NgMfc1?S 

^60 4<Dmm^tmm&&M^}) im vm6 0 s^^n-os^ z.<Dwm£& 

Mi/V-V-^ Vm6 0 8(OiIEi&6 0 9 b&mn£tlX\,^Z> 0 0 9 a, 6 0 9b 

te> -^ti^h,mr^^Bm6 1 OlcHflPLfc^:/*^ ha$rS*^ = ^^^ b^^6 
1 2$r^bT^gL^^mv-y^ K6 0 8 Wgj^£*vr^"5 0 

E] l (b) {c^-TJ: 5 PMfef$3fii&6 0 3<^c®ttifiT'&o-c®16 o 

7 T«it y ^mm%& l-os 9 , pgr&gMgtt 6 0 3 ««^ot 
^zwvw^zAti^kvxtDmmzftLx^z, ^ ^Rxj*mmn.A\x m 

416 0 7 £ Z.<DWM6 0 7 Mj£LT^/£$tWt (11*16 0 7 <D«tCflM£ttfc) 
^^■y«ft:6 0 5 h(DT^mmL-XKmt5h,X\,^ 0 o£9, ^-r^^^-^^t 
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At WM6 0 7 b**rvmm&6 o 5 t<DmRx-mMistiz>&m\z&\,vxm,vz 
m&Lxm&t&tix&.*) * mwtoiz.— &xh& 0 u^o-c x-jy^btrnfflTib 
mmeo7tft. io©^6 3 lfrbffi&ztiz. 
jfc*5, **y±^&m$mmi\isX.**v±;i>Ti''< &mstt-zm&zft s mm6 

o 7 KB6 2 2 J|ff63i tf>-iS&£f y H&6 2 3 K:8a*t*Ui «tv\ 

PW^tt6 O 3©tES:®|fllEi u NSttfefSWStte 0 

SJWEHWjPtt^ lCLT*5< £®§6 0 7cOTteP§Jc7>££-C$>5 0 ^(Dtz.^ P 
3!iHftffi#6 0 3 <h N§/*£fc^^c 6 0 4 £ CD PN^5f/q T*JRIBfcfc V s IS& 
6 0 9a <tIE^6 09b fcOHHdWu PNi£^ffi^L3«Vf % fflMi: LX(ii5 

jE*[R«cmE4:RttlD) {di"5<!:. m@6 0 7 (DTftNm£&!fctZ>ti!t>. ^imSffCA 

^ussAogftttft p< * v mm- 6 0 5 rtjca?^. wcntKciotij^ 

fcawc, vrnmsms o 3 ^s^mffi^ lt, ummfme 0 4 ic^m 
^M\^x^mz.^tm^r^wE Wx.ft. m^m^(om$m(Dzfeu±.) & 
mn-tz d t k x <o . m h >*A*m$&mr ot?>,«i60 7 
ascs* LTaE{cPp^Di~-5 t m=?AK Acwt^ ^ ^tv&i* * y mm 

*6 0 5rtlCltf)^, PMi£fcfS^6 0 3£S^«ffi<kLT, NgJ&f«?I 

^6 0 4tCJtt5^^:#^/VT^ (#l;ttf. i!^ttlLB#<D2~3{^aS) ^PfttPL 
, WHcWl 6 0 7 lCjEmiE«r^0i--5 C <!: {cj; 9 , y hm^Rc <fc «9 ^ 
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til 6 0 StC*5V^T, P3!JfcBMEtt-6 03, N$!&ft&tt6 04M 

■gB^siagiPiaa»ffi«c6 o 3. uwamsme 0 4xtflM6 0 7 £s»ufev*j: 

tBflc6 0 5coJt$PS:iR*?*v^i^*Uv^ iO±5*SBtiJ:!J, 3^^h7 
7^6 1 2 ^m@6 0 7X(i=^^ ^7^6 1 2i:^^yH^6 0 5 k<D& 

m&&^tfxxtmtez>£i\zsmvx, mmit&wzi&&zi8^xt>* Hi607 

>IB§6 0 9 b ir^^-t^-^^ih-t-s^^^-etSo 

mnmi&M&mizxzi'y-v-'C hicx<om^r^>^t^x^, pwmmiz6 o 3& 

fc*S* SE^ 6 0 9 a £ PS&HSHB*fc6 0 3i Ogg^fi, m 2 l^H-«fc b \z % MMAl 

£*>>y im" me o 8 zMimm^ rmmmms o 3©*teNsa«&«tt6 1 
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^min^mmgrnn. m 3 ic* ut«t ? mm 8 0 7 ©sii:^ ^ y 
2 owNiWii 804 (D-^mmns. tu mm s 0 7 ^ie®±^^p l 

*£:0o Lfc^oT, — ^<7>NM*£^^8 0 4<D{|iHcfcSPl^^itAcDm^^ 

, 2 o^N^fS:^ 8 0 4 Kt'^i^lili: LTSg^ttSi-r b Z 0 

Z(D±5 t£jm\Z «fc V) % 2 otf>p< y 8 0 5 <7)^m{C, LTfl}t& 

^lEtrr ^> ^ b ti*X*iz % 0 

0 5C3 HffOlSltSrfT^fcf , 1 ocD^ ^ y -fe/l/fcfc. 9 9 {&<Dm&)$X*£ , 1 o<D^ ^E- 

v mmmz 4 isosB«s:fT^. wi 1 6 w. c 4 1- y w (dsbm»s-c# , mm 

^^LSI £^Jf3H4^y ^StLTFPGA (Field Programmable Gate 
Array) feflftsfc-TS tOt* 9 , ~z&8&ffffim 9 0 2 tfSSUj&&&£tl-0 
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1 :©ft^^9 o i <Dmm\zm^tift^mmmm9 o 2 ^.n^ 

%&tfmi$9 O 2 ^Ltft^/«9 0 1 OMttiJIC^tt^tL^N^^^ 
9 0 3 t, ^*r*/l<fmZ9 0 1 hif&1ilg£9 0 4^L-C^tt^fcy-hm 

®9 05i, rcoy- h®*§9 0 5^1RIJT^oT, ^|g£i»|£9 0 2 £&fj^ij£ 
9 0 3 (D-^t J: p iciBg^tWc: 2 o<Dp< ^ y WmW- 9 0 6 «i: frbmf&£th 

^^yW906li, ONOI (->!J^^M906 1, U ^tt$£ 9 0 

6 2, v-y=^^fbi^9 0 6 3) ^j^te^^t**^ nm^m*.. &m-zmm 

rcD^y-tr/M*, ^y»9 0 6lC^e>tL/cTO^J;oT^^t^9 

- H«t^9 0 5{idii^ib^i-s[H]«9 r^taoT, -^^i^g o 2 

9 0 3t©»^j U j£ffc$P£9 0 3 b^^;mm9 0 1 irO^t?®^^^ 

3o ' 5 i^^:^9 0 2(7)^T:ji:(cj:oT^krr<5c < b{cj;«9, ^y 

#J;ifcfs ~^COfetJ[^9 0 3 (^mE^S^ii: LT, h®}§9 0 5 fCiE^ 

^9 0 3*^^m#^^ge^(^^oT«T^}^t^9 0 2^5^{k-r5^-C\ 
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ad) <DTmmn,fm.9 o 2<Dtm&<D&&mmnb lt, , R0gj^t^9 o 

2 oi5ttttlB^4Az:ic x 2 orofi 9 0 3 mztefrZWt&Skb IsXW&tttitzi £ ^t? 

(ornate. ±mw}un&o>#H§r*£x&Miz-rz ^t\^x<o. mm^Wf-m usm* 

ti^mm.^})±^b\.x y ins ( c ) t^utj:?^ *mwmR i ?~ 
b%mm2&frLx, mm<D b?>-i?x? bmmmw- hs^w-t-sy- mi^3 

^/&$*VC:io «5 , h H£if$l 2 XtW— hH3 tf>«lc, 1h-r K * a— 

— ^<D^^vmm^b^mmimm4m^m^tixm^rix 
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±* y- hnm\z.ttLxy— k w >-mm**?±v b $tifcMo sfet^ 
^*yw^*-/waA (N^^/i^a^o«^«m*i:«9 -en t>£*> 

Lfc^oT, ^O^^-y-fe/WTi^ ^»35tt^^y (fllfctf, EEPROM^FL 
ASH) ^V^*&IW«t*5iB«*^C-f % iSm**l«JS2ZlHlKS:aait5^ 

t&x%z> 0 

>fltt^Ufta*e» * 5 hi$fe*3$l 2 Stfl^f: 5 0 - 4 0 0 n ragl©# !j«>y^ 

# y i/ y = >- 1 mM&&m > y -y-^r k ^ajijRxratf* v ->v =*>t&mt <Dmmm 

bWM3%mtt-Zo 

y- vmmm&.w~ bwmcomw-t, ±mvtz.xo\^ t<Dmt<o^— 
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1 _b£cS^ KW2 0—10 0 nmm&<DisV 

ins ( c ) iz7rrf£o\^ y-hmm3Rxfmffimm4&-*x? t^x 

^^^^^xi-6W^t^flMT% 1X10 Ve m 3 - lX10 18 /c 
m\ 1 x l 0 16 /cm 3 ~5 x l 0 17 /c m 3 <D$Bia^ijs6#j^5rWbT 

X**rVU (fclfctf* ^wmtJ^v) *mf$rtz>z.t&xzz> 0 ^<DW&. » 

^^4^ * y t zmtbxwimteiMxmffizitz n t a^n^ &<5„ 

^^^T^Ufc^^§i2^/-b:/^^^t4^^y (MR AM) J^Wd, 
^^^^4^^- y i: LTE E P ROM#$>3 0 

EEPROMI1 IU6 (a) (C^LfcJ; 9 JC, n> }> n— /U^— hi^ (CGL) 

m (MF) ^-T^^^y h^v^* (MTr) £<D 2oco h 0 % 
^^-y-fe/^^^ixT^fccO^LT. ±f3Pit<^^^ey-fe/H^ IU6 (b) 
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hmm (o$D, l*tf>!7--K»U WL) T% ■aiiRh^v^^y^y h^>^ 

$ < fcV MH 6 ( a ) U *3§f? -Cfi, 1 KD±MZ.*t LT17 — ftft 1 

A&T5±-e, 1 *<D17- K»-ettri&^tt, !7— K^n«^^iJt-CT 1 / 
n<D-Zs\s&mWomiZffi'hX~Z (HI 6 (a) S^!Hc-f-5i, **rV±/l> 

icfcfc 9 „ !7— K^2 3fc&3l £ LT*3 <0 , 1 o<£>^ ^ ]) ±su&tc K) 1 tf y 

h {2m (omm.*w&L-x\<^ emu ®6 (b> -m, !7-^i*fi 
mis (i7— m) «ct»^sfc5fcj{)), 4jgcoit#^i2titrvN-5o o 

T^y-fe/l^LT, 1/2 (17— Ki&riS2*2tl#:) ©t^tSS^i^ ltr 
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t, 07 (a) - (e) IZJfTXo^ tt^t£**V ZLbtfT* 

m*J&. H7 (a) \Zjfrf£?l^ **Vmm*\fc IWl-2 0nmatO^!J 
nyTO4l, 0 O nmSSOv'y 3>t{bl»4 2, JgU¥5~100n 

mgl©'>y =>«ffldK4 3a>e>fc50NOJ&fc:£oT^j££;h,-CV^.5. 

^^UttMBWi, 07 (b) 0 IC, Off 1~2 0 nmSffi^>y n 

>Sftfcl8l4 4 v ID?2~10 0nm»v'y ^>W\M4 5^t)^50Nl}:io 

£<bKl x **y«fi&f*W:, 07 (c) (i^jrfj;?^ gHl-2 0nmgg©^!J 
3yM4 6,M5~10 0nmgI^>y^yM4 7*»e>^:50NJ8Rc«t 

f=fc. ^*yfittB«cM:, 0 7 (d) fc^rt\fc5t^ BB^l nm--2 O nm»y 
y = 3*61*1814 8^b-CJ^I¥l 0-10 Onm»#y->y n 

^J&>£> 3 7 n — -f V 4 9 (djlo T^fife $ iVCV x X 1 b«tV^ 0 ^*5 % 

£<blC % P«*y^Hg<$f±, 07 (e) i)?5~10 0nmgg(7)i/y=- 

(S& 1~8 nmi® ©7P-f>f V^y- hiti4 9 1 # 1 oJ^J^ffc^T 

y = v^kSI, y > • u y^^^^ y ^— h #7 * , ->!l3y*-/V 
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^*si^ i«^^fcPi^x/u i ico^sjc. Nmnminffiimmi 2 km 

2 Qteifc^ 13 k fcJ&J&£tiX*S t> , r*Lk<Z>ifciRt»gc 12,13 C0f B lT*fcoT, 
? 1 1 ©iUJi^C^^Mg^ffM^TV ^5, ^ ^-^/l^Js&Jifc^ 
Ml? 1 ~ 6 n mgl©v/ y n ^{L^tR.^--/ V = ^g£M»>ib&.5 ^- h|fei$£ 
1 4^LT^-h®|^l 7^^$nTV^„ 7fi, mm&l 2. 

1 3 i: y 7" UT*3 <b-f N hm® 1 7 T^^Tfev (H 8 

^ 7i) &*>?Mz.m£nT^z 0 ^-htii7o»ij:, nt^taxiih 
<rc*¥;£fccD<i>i) y = ^mmfrtt <o , y ^ v mm&k Kzmffimm 1 5 N 

i>mm-fz>zk&xzz> 0 
z(D^md,mm(D9$&®imm$:, m9 (a) x.xm9 (b) ^v^^ 

a) {C^-f i 5 tC x ^K^MtM^l 2$ry-^.®^^ ^2(7)^0^1 KU- 

m. 1 3 ic+ 6 v % hffi^ 1 7 (c+ 2 v^^o-rttf^ \ r ^ «t 5 tewzm*^ 
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13 (kk ^mm izmts z\ktt<, ^f-^Mjm±t^ m^n 

<C*5» tttffG&^l 5jgfi&-CJ*, •fcyyzcis? hay^^UiV^c*!), 
0 9 (b) fcScJ-\fc 5 id, ft2 4>ttflfc0fttl 3&y— *ttHc, Il©j^fi|l2 

&fTO£ i 2 (c+ 6 v % hm® 17C+2 vsrwmrttu* <fcv \ r. ax. ? m 

1 6 ^m^^i£Ai"6^ t tt, y — K W «^AH#^ -5 n i: 

* * y tttfgfr £ ^tt^m 1 5 ^iatt$tLfc^sr^tti-m^ % s& 1 cdj^ 

^ 13C+2 v, hffiH nn+i v&en»mu* J:v > 0 

1 5jcm^s^u-cv^v>^{c« % Kw^m^wi^v^ ^1 5 
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o 0llx.fi, $&2<r>ffiffimi 3R&V*Asl 1(C0V X J&K&ifcfftSiifcl 2C+2V 
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7 -c*t>4v5cv >^**a««c 7 1 <Djgj5fcas*£ < ^-ftrr s (oxhzfrtb. mm<Dtem 

^(cy-hm^i 7(cttE -5V) £fft&muf,fcv\, ±IE 
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9, #(ci^^>^/KO<feJiH^^c^5o ^£tf>fc#> x s<>h'ffl Y^Mz. J; 9 PNg 

i 3 izi* o v ^PnAp-rn{i J: v \ 

Ofclfc^l 3K10V, y-hm^l 7^flj£ (#J;t{^ -4V), «^/H IK 
Efflffi (#J*Lfcf, 0. 8V) SrTO-f-tbtfiV^ ZL<Dm. *^/H 1 b%h2<Dffim 

!>x;HUIl <D&tfc£gi£ l 2 <!: <a P -C&ifc t , t d T^v 
Idcfc K)lJtt$£tlX<£y h=^ls? bu^bttZo r^t-y^^ hoyii, 

wOH2(75^tC«ttLf^ fra/H 1 tmi<Dtefflm&l 2b<DPN&&\Z.*$^X 

^•tciov ^x h s w.2. (otimmm 1 3 ^h&x ^fem-^ x k> , 

bfcXZZo tfc^ot, m£mfrm<DW±Z1&T£"£ZZ.b&X%Z> 0 
1 ^>tem^i 2 ic+ 6 v^^pb^tw^^>^-ofc^\ M2o$£;fri£-m % 

m-tzzbtfxzz. 
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ix5 try hm(D$&&¥mx^ So 

tmfrmfcZ SO I (Silicon on Insulator) Wmti-Z&JrtiX ISCftfclSM&Dfflf 
«(D±^SOI®^^$nTV>-5o SOIl^:ii»^12, 13«$ 

W^Hl 12, I3i ©mi:, ^- h«&illB£ 1 4 asjgjR £ivCg2g 
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cm, mffi&ftm 1 9 *p<o&m 20,21 £B#-cfc6 0 
x*m£tix\,^tc#>. mMimmi 9Sr^tLt, mmmi 2, 1 
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mmomm 1 o 

<m s m^imasi 2 2 <p<Dmi& 23,24 ^x**> £ e 

*-f, 016 (a) (C^i-J; 0 ^ PSO!>x/H i|l~6nmggO 
^ 3 ^IfefbBiXH:^ y = VKfffb% fe 5 ^ 1 - 1 0 0 n mm^oif^msi 

016 (b) izm-xoK, n bfrtc¥m&mfiLt±m^ cvDm^xv 

IDl5-2 0nm^^>y=yiM5 3^t)?20-l 0 0nm»i/y 

&*5, in 16 (a) ^-hffl^i 7(D/<?—>~^yjM<Dm^mmi-z>y—h 

^UK5 3 0Tl£fc^Cto^£LTt>J;V\, 
MV^T, Hi 6 (c) ^^"TJ:p^>y =>®Kt^5 4Xt5v'y = i^fcj^5 3& 

hmmmm2 sasjeaasats. w&m&i 2, 1 3 
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mrnmm 1 1 

^<om&mm<D^mzmmmte. mi 7{z^rrxo\^ tf-hwmi 

m&twm* mi 7©^7 it*^ti«ra4Uc*7 h*—/^ 

*i\ mi 8 (a) iz^-tx?^ pi©^x/nijbi:, ^—btmmi 4%x* 

mi 8 (b) izTF-tx?^ i/v^^mmsi&^jf&^y^wcj:*) 
5 2ii, ^-r^i^iig (**/ms«) Rxmnrnm (y- 

£>> 4 nm~2 0 nmtfS^W* U\ 
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mi 8 (c) \ZJFrf£?\^ -yV ^>m\M*±m\cmm TO2 0nm 
~2 0 0 nm) \^tz&^y s f-ls#'*-y ?&nfoo Z blZ. X >9, tf— h^m^m^(D 

p^vmimzrf oztizxy mmm 12,13 Lx^mmmmm^^. 
^jfocoj&m 1 2 

tCjo^T, Ell 8 (b) (O^McO^tCv-y =t>-^bSi (^ijxil-f. 5nm-15nm) 
£r>y=t>^b]g (0!lx.tf2 Onm-2OOnm) *Z<DimiZim%V, -i/V ^>M^t 
mRTf~> V = >m\M^ y^->^< v?-tZ>z.b\z.£.K> mtifrtZ ^ b 5 C 

mm<Djtm 1 3 

c ^^(D^o^i^fEti^Stt. [212 0 {ztfT «t 9 fc, m^M^ 3 1 

wmi 7<D®miaZs mm 2 o~ioo nm.m^(D^v ^^i\Mt*htez>nm®&f 

M3 2/5^/&$nTV^ 0 ft:Jb\ m^^)^^{»IIJSF!l(O^^CPS6t^rii 
ft< wtb^T^bfcJ;5^^^S^5o ffiM^Jg£3 2(D«{C^ % 
#y v-y = ^;5»e>&3lM K?*— A- 2 6, 2 7^/&£;ft,TV^ 0 CW-f 
K[>t-^2 6, 2 7coS:TW^^H l^S^te, NS<DTMW^tH LT, N 

27 



WO 03/044868 



PCT/J >02/12028 



mm® 2 8, 29 Tb^tl^mm ^tvCV ^S. tNf K **-vU2 6 £ NWmm 28 b 
{ £ ft 0 TSg 1 -IfteK U mm^^f K £ /w 27t NS$S*£ 2 9 

-co^^ig^a^j^^,^^, in 2 1S.OT2 2 *m^xmm~z>. 

®2 1 (a) K^fi?^ #ifrS^{CPS<0^x;H 1«U igg 
i>* Ml! 1 ~ 6 n m»-> y = yM^^^CS^- hlfe^ 1 4 £7T*T5 0 & 

HI 2 1 (b) t^-fet?^ #b;ft7t^#:g&_b£:®^ VlJ^Vg-ftJgl 
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X "C % H2 1 (c) ^-r«t5^ U-^ 5 6 i Ufflt ^ 

5 ommizis v = j: § ®mm§i 3 2 ^/^^ tttic, mi-^mm 

3 1 ^ y = ^mfclBI 3 0 £m- 0 ^ y = >^fcl££ 3 O f* N '&TM.<o=- y^stf 
&v ei 2 2 ( d ) idTiH-i 9 t# bttfc¥^^»te±^E^, # y > y => > 

.tor. m=H*mm3 i^±\^mrr^ttm-^^\ 

022 (e) iz^Xoiz. |&W5 5: S ^tt^^V^Cj; Sfifefe 

M^i"^ ^ £ b-cffit/^-c, ^y ->y =>j^5 7<d— gcsr^ 

&MLXim28, 2 9MU 2 7^-^^^ 
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z^)\^m. t <Dm&&tej$rt% r. t 5, 0*9, i o 2 ° c m- a &L±(o^mm^. 

Srfcoy— KW>«Wi, 1 0 18 cm- 3 «±^^t)0?i/^©r B l 
/ k ^ >UWW>— *»tj« £ i/u^G n d , Nm<n y — k W >ffi&<Vi&j3& 3 

— K W ^W$.(DW5*: 3 V^^i-^fcttT% 3 VK$!J£ Ufcfr© y — K 

w^^^m^f^^{^-/^aAi-6ri:^T*t5 0 ro«fc5t^ y-^ 

HJSO^fig 1 4 

DD, ^lWt^hHt+2/3VDD, #^!7— W»-+l/3VDD£Mrr 
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5„ dtUCj;^ mfcV-hMtWfct'iy m*tttrumMt^ZWffitf^\x*m& 

mvnp&maztis m<ommmmtt. t^t«^ 1/3 vddmo^^. 

«#MVDDT'#ii • ffi£fcT'%, VDDTi2#& • ffi^tm^bfo* 

£fc, ^/^SteSrffli^^B^lf^-tytt, IH2 3 (a) Rxm2 3 (b) {r. 
*UfcJ:5fc» ^ft»Ef*J (*NWH£^oB) K^Sftfcl&liS^O^/Mg 
«190U, &$=/l<mmi 9 O 1 ilC^&h,*:^- H&gHggl 902t, ^-y 
- h $fe£f$Lh t^tfc $ frtzmttCD V — H»1 903i, tul5lt^!7- KUl 9 0 3 

<D^^^m^$tt>tm<^m2^sMoi£t!c^i 9 o 5 1. t hm 
fa\zfa&zm.m>\*<y hm mfrtftir) 023 ( a > t^wr, 1 

9 1 Ote^^Bl^gtSr^LTV^o £fc, 122 3 (b) IX HI2 3 (a) <£>A-A 

y-x/h'i^o-mm 1 9 os^gtt^f (try H&i^ot><^fcoTt>«fc^ 

) 1 907t7-K^ (^-M® 1 9 0 3F B 1IC1«W1 9 0 4«tlT^ 

^ * y -fe/uisjg 2 3 if tz\t&M LTV >ii£\ $ 2 igffigMdifc 

m (y-*/ i^m 1905 zmfctztti* 1907 tm?t^^ 1 9 0 
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mfe<owm i 5 

) kmmzmfiz< <-tz>m$L iimzmfiz.< K-tzmmzm-tzmx&ixhx 
v-y a^gefURi 4 i ki/y 4 3 <b^ic^y =t>^ft$n 4 2 

^ ^ y $Sfig# 16 1, 16 2 LTV ^ a r iT\ vg^fi 

m^$r{^i-5^^m^i- 0 ; > y =1 ^®Ht$i hi, 1431^3 

^y^#i 6 1, 1 6 2iz&vzmffizi%frt?>m®, ^)^mm 
142) m$m&i 12, 11 3<bm-e^~^— ^^^ltvn^o r 

t-/<-7y/t5iit *£t5:H^i 12, 11 3co^< fb-&<Dffi&±{^ m 

mzvmtzwm (v-y =>m^i 4 2) o4>&< <ht-gu^#&-r6rt^«* 
1 1 i«^^stg, 1 1 4tty-h^ai, 1 1 7i±y-Ms^, 1 

t^vmm&i 6 1, 1 6 2iz&tfzmffi&{%£Hrz>m%ii 4 2t$mm$zi 1 2 

, 1 1 3 t 7 y?-tz> r t \z X Zfmzmw-tZ. 

11 2 5fi, El2 4^{RiJ<7)^^ey^^l 6 2 j^a22^$£^!aT*fc5„ Wlli^- 
hmffil 1 4 1 1 3 k<D*7±*y hS^-fc W2li^- 

^■Y^vl-S^O^glci^ltS^qE-y^^i 6 2^*1^ LTV vsas, >*y*fc 

^ i62©H^y= 142 <7>y~ hm^ 117 tm^tcm^mK 7— 
hwmi 1 7^bgmfciRijcD7<^y^Hg^i 6 2(Dt&b— &\^x\i^tz$>^ t^vm 

M16 2« W2tUT^abfCo ^y$Sfg#l 6 2»«l I3i©t 
— 7 y 7°*«W 2 -W 1 $ tiS 0 mzMMte ~ki% * * y $£bE# 1 6 2 co 

H->y=^iMi4 2^ #mh&i i 3^^-- s<-yv7-rz>^ on^, W2 
>wi^6^^fc-rriT-fc^. 0 

ft3b\ I! 2 6 (C^f £ 5 Id, 6 2 a ©?^>y ayMl 4 2 a 

0^— h«Hi:g|^/dfti]<^^, y- h^^gi^d!^ V Weftm 162a© 
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02 711 m2 5(Dmmc^X, ^*yi^l6 2OiW2^100nml:@ 

, fctS^l 1 2, 1 13H»V-^ KWV®^ LT. x'V^v' 

HI 2 7fat>Whfrt£& Wl# 1 0 0 nmRk Ct"fc*?*>* 
4 2 £ jaft®igc 1 1 3 <h /<-7 y 7° UCV ^) Tta, K l~r >m^^{^/> 

lxv n s 0 k w ^mosia ssm Ltwi^taj &vmtz <dx% w 1 # 1 0 0 n 

mSLLVft* * y (Ottfigfi«iigJc^ffci-S. i/yn 142t 

1 1 3 t /<— 9 y 7^-5«6Htc:*5V ^tft K u-r >^SEo»^|*BK»*»-cfc 5 
o Lfc^ot, TO£tfH^5«fig&^5IRTfc-5 > y =» ^m\M 14 2 < 

±85 Lfcx'W ^>;a U— ^ 3 ^OJI&RSrttS x.T, W 2 £ 1 0 0 n mMMt U 
W 1 SrR*Ht £ LT 6 0 n mRTf lOOnmi LT, ^ y ir^T W £fER Lfc„ 
WliS6 0nm©^ i^V 4 2 1 2. 1 1 3 i: ttSSHtt 

£ LT 4 0 n /<— 7 ^7°U WUUOOn m<Z>»£\ RtHti: LT:*— ><— 

^tLfcI7— * h^-xWLT, Wl £s3ftt££ LT6 Onmt bfl^<D^5 

try hfcM 1 0 0^/#JWTTfc£C<t;W3:LV^ W1=W2TU C^)^ 

W 1 > 1 0 n mffe5 £ £ ^><t «9 LI/ ^ t bfco 

tmmz., m$mi 1 2&y-xmMt u 1 3&FK«t lt 
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m& 1 6 1 (Dmmm&mig <t < &mi-z> z t^x^, 2 tr y nMfcsrprtm^-t-s* 
ffi^^^^^ttfcm^of^^cfb^wfe-s^y =>SMtKi 41, 143 

^LfCct^tC, ^^y^^l6 2©TOf»«BRl4 2a^ y-Hffe|ftB|i 

<fc 19 , TOG^Jg 14 2a {C^$ttfc«^cO#St- <fc <3 s> h&% l 7 IT* 

wstes©^^$tv^>r$ &^&ttt-»r5 r. «t , in, vera* * y 
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t7ti/ M (wi) ^ibov^c^T^^^y^co^ 

14 2atft^/« (Xfi^^/l^g^) <b^RiT-5i^m (Wx.fi. >>y^| 
KM 1 4 4 <D o y hffl$. 17 1 ±<0&£) ^tf^ £ LV \ ~ (0%m 

fc*3, «j$&U$8£ 14 2a (Dj^p^^JWS 142a TOi^ 

ffig 0> y a 1 4 4 05 p y him. 17 1 _b«#) OfijffSr— ^C»J 

Wmi 4 2a TO^(D|^Iiijl^i 4 2 a irCOftnfc 
t'Cf B li:»t5 r £ 5 0 ZtiizX 9 , S^^^ 14 2a IC^^ibtLfcB^f 

m&vmn 1 6 

$^^ x y— hmmi i 7iR!j®^BmT{*sag$Hfc c^ru 8 2) ^stwltv> 

6. 

t>mi&& 1 8 3 <D£ 0 i/V ^m\M 142$r2@ (^Rl 1 8 8 

l^^gp^) iiig-r^o fc*3> ^-h«@i i 7{c^ms^RiAp$tL^B#n®^ 
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#162 (D-mmte'smmm^ < % <o . m^tim^mxcDm^m^x. *> < 
18 2 x*£frz-m$r{%mwkZ^t?z t\z£<o^ w&xMvmiz* ^ y mmfc 1 6 2 

(Xfi^i/^igO ££PTC5*£|£lg| (^!i=^kil4 l©9^7t7hit 

171 ±<D%tft) * £ id^tf r <t aw* \, d <Dmmic x k> , mmmmzm 
$ <b(c, ^go^ i5i uro^ mm*^ 142 T<D$mm its y 3 >mvm 

1 4iw^t7t-y hffitti 7 i±<»#) 

y- M^«±^gEgi-^.i^m (i/y =>^b^i 4 10 5 *>y— h®@i 1 7 

tki,^ mMV-?&ffi±irz>zbtfX%Z> 0 

36 



WO 03/044868 



PCTAJP02/12028 



mmmm 1 7 

£1*, B<C-e*>5r t^JU\ ^^/M^tf) 5 hm^l 1 7T<OgB 

ttt y—x/ 12,11 3 bvr^atty^y hfmzi 1 laq^-rs 

o B<CKJ;I9, ^^y»16 1, 162 (~>y ^MMIl 4 2) (C^^tt 
£fc, Kffi^l 17i V— KK>Htl 12,11 3^7-fey h LT 

7ty h^i 7 l^^^S^^Tfc, y-^/KW^^i 12, 1 1 3<D 

w»4^ ( :|it^ ^yii^i 61, 162 (i/v=*^mumi 4 2 
) iciov^^^-y^jm^ii^L^o 

MM<Dj&ffi 1 8 

rcD^^it^gfs, ^#g&i 8 i±iz&it>i&tmvmi 8 3^^^tt, 
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i5btt<D±i£SO IJI^^^XV^. SOIitajStfjH 12. 113 
age&fc£*L, ^h^^ttfi^-r^ 18.2b ftoT^5 0 

m?r#f-5o £<o^ J^^l 12,113 tyf^^mmi 8 2 iro^^*^ 
Wfc<&M1& 1 9 

C ^^SS(O^CD^^|Eti^Sft> HI 3 2 {ZTFrtX 5 (C, $m<Dftm 1 5 ^fcl/ * 

NSwy-VKW^iJim^ 1 1 30^^/Mio^i^bT, PMSit 

^^1 9 1 £iiA0Lfc£W«\ ^««JlC|l]^(D^^W-t-5o 

PMfl^^l 9 l^:W5PM£^;i5W& (0iJx(^P^) 2g 

0&1 9 2iz&ttzpm&^ttmmmm£'9mi<\ pmmmmm^i 9 1 

Kl:fc5tt5 P%L(D^®mMfel'S., 5xio l7 ~lxi0 19 c m- 3 m^^m^x' 

£><5 0 itl9 2©Pi««li ) 09*.«r, 5X10 16 ~1X10 18 

ccoi9{^ i*Kit5rtK:J:«J, i£f£fi^i&i 12, 113 

i^MllUoi^ ^^Wftl6 1, 1 6 2<DWTXi&M£kti:Z> 0 

^(otzjh, mwBLxm^mrn\z.i^ yv*^v rums. < * *> , #&^ibffcs. 

pTt£ i: * 60 $ h td> 19 2 <D W#>?t^fiit^^v >tf>-C\ ^ * y ri^^fli 

38 



WO 03/044868 



PCT/JP02/12028 



r— hWBT<&?-**A4#& mmi 9 2) (o^immmx^^mm^xi&T-t^ 
^<Dmm<^n<D*mme&mwte. m 3 3 tc^t-j; 5 k> 1 5 % 

T, m^r{^^ y = >m\M 14 2) £ ^^/i^ga&Xli * x-J^m&k *mxz> 

mm<vm& cm $*-M6fi«>j?£ (T2) j: ^'£#*h\ mc 

^^Wii4(l p«*y<o«xJKifWci3itSiiHIE«>iistd»5, % -toff* 

T2<tt)t^<-r5r^^pr«gT-fe5o Ti^<t5rt(a9, y-^y$s#g&^ 
»j^OT*ib^^iijji^-r-5 r t &*n&kte <o s y = ^t$£ 142m 

mm<Dmm2 1 
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mmmvmz cm y-hiwn^ d2) i^k/p^-i^fi nsr 
■e>i\ T2 £<oi>m<-rz>zk&*imx*&z> 0 ti^^-tsc^cj;^ **evm 

HJS0^2 2 

-<&g8jr«ssti\ iitt, »n]ss2 i l, WM2 12, rf (mmmmzo m 

SS2 1 3, Wm2 1 4, 1 5, f&-f§#2 1 6 % mm. 2 1 7^lCj;oT 

*fifc$tbT43 0 x fflfflm& 2 11 let*, ±5£ U^*3gWO¥^ftflB1S@£*65ffi^ii* 

-n-cv^a. ^4b\ »[HjiiS2 i in m&(nm&iox*®m\.tL£5fo m-mt<D 

40 " 



WO 03/044868 



PCT/JP02/12028 



G a A s , InGaAs, ZnSe. Ga N^(D<k&m¥Mifcl££. Z>^;\s?Wm^ 
if oftSo £/c, ^^^#^^1-5^0 i:UT, SOI (Silicon on Insulator 

) s o i m$M<nm* (Dmm. ^y^^ y ? mR±^^m^m 

T*<D\< s ~ftlX^>-oX h «fc V \ 

^xi>£\i\ ft*3 % aFF^HtStfcrau Locosa huyfW, STIi^i 

) <D$*/\^m*mi££tix\,^zkt>m-£^\ ¥mfr£®&w*./i<m&<o*& 
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LV\, ^-HfelWKtt, 09x.Hu l~2 0nmgS, ^*L< 1—6 nmgfW 

jM£mz.m%.&frz>i><Dx\tt<. mwm, mzx£. #v^v r/i^=»> 

^ W©iMIBlXtt^«l**aj»f e>tb«. h«3££>lgSPWu 0"Jx.f^5O~4 

/imm^^tix^o 

; y tfui^n^mtofrStii/yfr-- hlf?* ; ixy =i^— K ; T/WS-J- 

^^^ti^mmm^t^mmm^<Dmmxnmmm^x^x^^^ r <t 

^/j;t7ry->«$:f5:^ s t'^ «ffir»3WfBlriSfi< , y-^ 
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CT, iS13H»tf-3 r. i: 5 0 tefc, iLTSOI gJRSr/Bv ^ 
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* y o*«t±, ^ * y mefammmz.tottF&tztf'- hmmt v—* 

"ra<t«9^vMS[a^lS$ixTv^t><tv\ r astute, 

^<Dwmmmfr^mmmx\idmm%i&i$.u m^^Tx^y^<y^\^x 

8ffllXtt*6SUR&?^U ttxj/f/^^^LW K^^-^^-tttC^t 
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*3^©^fttis&sw\ wmatiommmTmk mcmmmmtizm^z 

»*3 JhlEffS l 2 ilf««^^o TIES $*t^ y ttKgflc t . gE* 
fi§oT^miEg£*i.fc 2 o©^ ^ y «fiBf*£ , * * y il(^^|:g| L2» 

oss 1 ^sM^^Lhic^^^^ Lxisit btuzmmt *mTz><DX\ ¥mmm 
mtaymm u$& stalls^* z t tfx-z z> 1 1 1> $ e, \z.$m&*fa± $ ^ 

* 2 o©^ ^ y u-cm^f^^r -5 r £ \z x 9 . 2t- 

y b SLt<otim&ffi&rz>&&\*. i^h^») ©ama^/h $<tsri: 

m®±iz<f-bimm*fri'Xm-}btitcv'-hnMt, &y—bwg/Dmmz* *r 
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m&mmz < ^ta-r^ r t £„ r <d - 2 try MM^^icr-s^t * 

-zimttev. l s 1 <o*<!r- y >^w\\^ctzM^n^ 5 r £a«r«6tfcs 0 
o Noi^t < H wm\aa& etc?— him&&&m-rz> z. t &*im 

m^^c «t 9 u y * y mm*p<r>nffi<Dm&* y — k i~r ^^<d- 

oy * y * * y «im^«fl»^b$*sfc*«i« 
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k i~r #a>?> y— kw ym^te^-msm^*^^ «t o 

t txmt&r^fc^ K7>-^^-c^$ttfciHii^^^^yi5t^a<DS 
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m** * v mmmzmmztitzmffim^x o-t*£ < mtz&z - b &x-% % y * y 
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Mf&zthXKzmtwz. wmimmz^*? t \sxmtfm&B!fctz>iz#><D<<* 
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wtxx*\z?<mm&)\zm ^ti^^mx-h^tub, mmnm^m^^-^^^ 

ghee* g^g*, m-**tv%im ^m-r^mm^tm> 0 

xcomffiayrnhzmm u mmmwz.'mmmc x zmmittm ^ z><D*nmr 
z>^bt>xzz> 0 Lfc^ot, **v<Dm$mk&&w-t?>zbfcxzz> 0 **vm 
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*~r:y&a&t£h^%&mrzzk&v&*>o s&k, ffitfims^ y-ne» 

i : <btc % hWMk y- MMM0B& «Pmfc«J%«flH«* SrBSTSil^ 
BterS e>fc-£tri§£tt, y- K WMWM c BfrWrKStflfcTOf^K i: y- YWfck 

«r«^t ^-Y^^^Xfi^^ i: £HST*ig»K*)IWfls, y^-H6H« 
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SPECIFICATION 

SEMICONDUCTOR STORAGE DEVICE, ITS MANUFACTURING 
METHOD AND OPERATING METHOD, AND PORTABLE 
ELECTRONIC APPARATUS 

5 

TECHNICAL FIELD 

The present invention relates to a semiconductor storage 
device, its manufacturing method and operating method, and a 
portable electronic apparatus. More particularly, the present 
10 invention relates to a semiconductor storage device which is a 
device having the function of converting a change in a charge 
amount into a current amount, its manufacturing method and 
operating method, and a portable electronic apparatus using 
such a semiconductor storage device. 

15 

BACKGROUND ART 

Conventionally, as a nonvolatile memory using a 
resistance value of a variable resistor as storage information, 
rewriting the storage information by changing the resistance 

20 value, and reading out the storage information by detecting the 
resistance value, there is an MRAM (Magnetic Random Access 
Memory) (M. Durlam et ah, Nonvolatile Ram Based on Magnetic 
Tunnel Junction Elements, International Solid-State Circuits 
Conference Digest of Technical Papers, pp. 130-131, Feb. 2000). 

25 FIG. 36(a) is a schematic sectional view of one memory 

1 



cell constituting such an MRAM and FIG. 36(b) is an equivalent 
circuit diagram. 

The memory cell is constituted in such a manner that a 
variable resistor 91 1 and a selection transistor 912 are 
connected to each other via a metal wire 917 and a contact plug 
918. In addition, a bit line 914 is connected to one end of the 
variable resistor 911. 

The variable resistor 911 is constituted by MTJ (Magnetic 
Tunnel Junction) and is sandwiched by a rewrite word line 913 
extended in a direction orthogonal to the bit line 914 and the bit 
line at the crossing point of the lines. 

The selection transistor 912 is constituted by a pair of 
diitusion regions 920 formed on a semiconductor substrate 919 
and a gate electrode. One of the diffusion regions 920 is 
connected to the variable resistor 911 via the metal wire 917 
and the contact plug 918, and the other diffusion region is 
connected to a source line 915. The gate electrode constitutes 
a selection word line 916. 

A rewriting operation of the MRAM is performed in such a 
manner that a composite magnetic field generated by current 
flowing in the bit line 914 and the rewrite word line 913 changes 
the resistance value of the variable resistor 911. On the other 
hand, a reading operation is performed in such a manner that 
the selection transistor 912 is turned on and a current value 
flowing in the variable resistor 911, that is, the resistance value 



of the variable resistor 91 1 is detected. 

As described above, a memory cell of the MRAM is 
constituted by two devices: the variable resistor 911 which is a 
device having three terminals; and the selection transistor 912 
5 which is a device having three terminals. Consequently, it is 
limited and difficult to realize further scale-down and increase 
in capacity of a memory. 

DISCLOSURE OF THE INVENTION 

10 An object of the present invention is to provide a 

semiconductor storage device capable of fully coping with 
scale-down and high-integration by constituting a selectable 
memory cell substantially of one device, its manufacturing 
method and operating method, and a portable electronic 

15 apparatus having such a semiconductor storage device. 

According to the present invention, there is provided a 
semiconductor storage device comprising: a first conductivity 
type region formed in a semiconductor layer; a second 
conductivity type region formed in contact with the first 

20 conductivity type region in the semiconductor layer; a memory 
functional element disposed on the semiconductor layer across 
the boundary of the first and second conductivity type regions; 
and an electrode provided in contact with the memory functional 
element and on the first conductivity type region via an 

25 insulation film. 
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There is also provided a semiconductor storage device 
comprising: a first conductivity type region formed in a 
semiconductor layer; two second conductivity type regions 
formed on both sides of the first conductivity type region in the 
semiconductor layer; two memory functional elements each 
disposed on the semiconductor layer across the boundaries of 
the first and second conductivity type regions; and electrodes 
provided in contact with each of the memory functional elements 
and on the first conductivity type region via an insulation film. 

Further, there is provided a semiconductor storage device 
comprising: a channel region formed in a semiconductor layer; 
variable resistance regions provided on both sides of the 
channel region; two diffusion regions provided on both sides of 
the channel region via the variable resistance regions; a gate 
electrode provided on the channel region via a gate insulation 
film; and two memory functional elements disposed on both 
sides of the gate electrode each across the variable resistance 
regions and a part of the diffusion regions. 

There is also provided a semiconductor storage device 
comprising: a gate electrode formed on a semiconductor layer 
via a gate insulation film; a channel region provided under the 
gate electrode; diffusion regions disposed on both sides of the 
channel region and having a conductivity type different from the 
conductivity type of the channel region; and memory functional 
elements for holding charges, formed on both sides of the gate 



electrode so as to overlap with the diffusion regions. 

Further, there is provided a semiconductor storage device 
comprising at least one memory cell including: a semiconductor 
layer disposed on a semiconductor substrate, a well region 
,5 provided in the semiconductor substrate, or an insulator; a 

single gate electrode formed on the semiconductor substrate or 
the semiconductor layer via a gate insulation film; a channel 
region disposed under the gate electrode; two diffusion regions 
formed on both sides of the channel region; and two memory 

10 functional elements formed on both sides of the gate electrode 
so as to overlap with the diffusion regions. 

There is also provided a semiconductor storage device 
comprising at least one memory cell including: a semiconductor 
layer disposed on a semiconductor substrate, a well region 

15 provided in the semiconductor substrate, or an insulator; a gate 
insulation film formed on the semiconductor layer which is 
disposed on the semiconductor substrate, the well region 
provided in the semiconductor substrate, or the insulator; a 
single gate electrode formed on the gate insulation film; a 

20 channel region disposed immediately below the gate electrode; 
two diffusion regions disposed on both sides of the channel 
region; and sidewall insulation films formed on both sides of the 
gate electrode so as to overlap with the diffusion regions, 
wherein the sidewall insulation films have the function of 

25 holding charges. 



Further, there is provided a semiconductor storage device 
comprising: a semiconductor substrate; a first conductivity type 
well region formed in the semiconductor substrate; a gate 
insulation film formed on the well region; a plurality of word 
lines formed on the gate insulation film; a plurality of second 
conductivity type diffusion regions formed on both sides of each 
of the word lines; charge holding films having the function of 
accumulating or trapping charges, formed on both sides of the 
plurality of word lines on the word lines, the well region, and 
the diffusion regions directly or via an insulation film on at least 
a part of the diffusion region or so as to extend from a part of 
the well region to a part of the diffusion region; and a plurality 
of bit lines connected to the diffusion regions and extending in a 
direction which crosses the word lines. 

There is also provided a semiconductor storage device 
comprising: a gate electrode formed on a semiconductor layer 
via a gate insulation film; memory functional elements formed 
on both sides of the gate electrode and having the function of 
holding charges; two diffusion regions each disposed on the side 
opposite to the gate electrode of the memory functional 
elements; and a channel region disposed under the gate 
electrode, wherein the memory functional element includes a 
film having the function of holding charges, and at least a part 
of the film having the function of holding charges is formed so 
as to overlap with a part of the diffusion region. 



Further, there is provided a semiconductor storage device 
comprising: a first conductivity type semiconductor layer; a gate 
insulation film formed on the first conductivity type 
semiconductor layer; a gate electrode formed on the gate 
5 insulation film; memory functional elements formed on both 
sides of- the. gate electrode and having the function of holding 
charges; and two second conductivity type diffusion regions 
each disposed on the side opposite to the gate electrode of the 
memory functional elements, wherein the memory functional 

10 element includes a film having the function of holding charges, 
at least a part of the film having the function of holding charges 
overlaps with at least a part of the diffusion region, and the first 
conductivity type semiconductor layer has a first conductivity 
type high-concentration region having a concentration higher 

15 than that of a portion in the vicinity of the surface of the first 
conductivity type semiconductor layer under the gate electrode, 
under the memory functional element and in the vicinity of the 
diffusion region. 

There is also provided a semiconductor storage device 

20 comprising: a gate insulation film; a gate electrode formed on 

the gate insulation film; memory functional elements formed on 
both sides of the gate electrode and having the function of 
holding charges; two diffusion regions each disposed on the side 
opposite to the gate electrode of the memory functional 

25 elements; and a channel region disposed under the gate 



electrode, wherein when a length of the gate electrode in a 
channel length direction is A, a channel length between the 
diffusion regions is B, and a distance from an end of one of the 
memory functional elements to an end of the other memory 
functional element is C, a relation of A < B < C is satisfied. 

Further, there is provided a semiconductor storage device 
comprising: a gate insulation film; a gate electrode formed on 
the gate insulation film; memory functional elements formed on 
both sides of the gate electrode and having the function of 
holding charges; two N-type diffusion regions each disposed on 
the side opposite to the gate electrode of the memory functional 
element; and a channel region disposed under the gate electrode, 
wherein magnitude of a voltage applied to one of the diffusion 
regions and magnitude of a voltage applied to the other diffusion 
region are reversed between the time of changing a storage state 
by injecting electrons into the memory functional element and 
the time of reading out the storage state of the memory 
functional element. 

There is also provided a semiconductor storage device 
comprising: a gate insulation film; a gate electrode formed on 
the gate insulation film; memory functional elements formed on 
both sides of the gate electrode and having the function of 
holding charges; two P-type diffusion regions each disposed on 
the side opposite to the gate electrode of the memory functional 
element; and a channel region disposed under the gate electrode, 
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wherein magnitude of a voltage applied to one of the source and 
drain regions and magnitude of a voltage applied to the other 
region are reversed between the time of changing a storage state 
by injecting holes into the memory functional element and the 
5 time of reading out the storage state of the memory functional 
element. 

Further, there is provided a manufacturing method of a 
semiconductor storage device, comprising the steps of: forming a 
gate insulation film and a gate electrode on a semiconductor 
10 substrate; depositing an insulation film having the function of 
accumulating or trapping charges on the whole surface of the 
obtained substrate; and forming a sidewall insulation film on a 
sidewall of the gate electrode by selectively etching the 
insulation film. 

15 According to another aspect, there is provided an 

operating method of a semiconductor storage device comprising: 
a single gate electrode formed on a P-type semiconductor layer 
disposed on a P-type semiconductor substrate, a P-type well 
region formed in the semiconductor substrate, or an insulator; a 

20 channel region disposed under the single gate electrode; two 
N-type source/drain regions positioned on both sides of the 
channel region; and a memory functional element existing in the 
vicinity of the source/ drain regions, wherein one of the 
source/ drain regions is set to a reference voltage, the gate 

25 electrode is set to a voltage lower than the reference voltage, the 



semiconductor layer formed on the semiconductor substrate, the 
well region formed in the semiconductor substrate, or the 
insulator is set to a voltage higher than the reference voltage, 
and the other source/ drain region is set to a voltage higher than 
the semiconductor layer formed on the semiconductor substrate, 
the well region formed in the semiconductor substrate, or the 
insulator, thereby injecting holes into the memory functional 
element. 

Further, there is provided an operating method of a 
semiconductor storage device comprising: a single gate electrode 
formed on an N-type semiconductor layer disposed on an N-type 
semiconductor substrate, an N-type well region formed in the 
semiconductor substrate, or an insulator; a channel region 
under the single gate electrode; two P-type source/ drain regions 
positioned on both sides of the channel region; and a memory 
functional element existing in the vicinity of the source/drain 
regions, wherein one of the source/drain regions is set to a 
reference voltage, the gate electrode is set to a voltage higher 
than the reference voltage, the semiconductor layer disposed on 
the semiconductor substrate, the well region formed in the 
semiconductor substrate, or the insulator is set to a voltage 
lower than the reference voltage, and the other source/drain 
region is set to a voltage lower than the semiconductor layer 
disposed on the semiconductor substrate, the well region formed 
in the semiconductor substrate, or the insulator, thereby 

10 



injecting electrons into the memory functional element. 

There is also provided a portable electronic apparatus 
comprising the semiconductor storage device. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view and an equivalent 
circuit of a main part of a semiconductor storage device 
(Embodiment 1) of the present invention. 

FIG. 2 is a schematic sectional view of a main part 
10 showing a modification of the semiconductor storage device 
(Embodiment 1) of the present invention. 

FIG. 3 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 2) of the present 
invention. 

15 FIG. 4 is a schematic sectional view of a main part of a 

semiconductor storage device (Embodiment 3) of the present 
invention. 

FIG. 5 is a schematic sectional view of a main part for 
describing the flow of a manufacturing method of a 
20 semiconductor storage device (Embodiment 4) of the present 
invention. 

FIG. 6 is a circuit diagram for describing the function of a 
charge holding film of the semiconductor storage device 
(Embodiment 4) of the present invention. 
25 FIG. 7 is a schematic sectional view of a main part 

11 



showing- a semiconductor storage device (Embodiment 5) of the 
present invention. 

FIG. 8 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 6) of the 
present invention. 

FIG. 9 is a schematic sectional view of a main part for 
describing a writing operation of the semiconductor storage 
device (Embodiment 6) of the present invention. 

FIG. 10 is a schematic sectional view of a main part for 
describing a reading operation of the semiconductor storage 
device (Embodiment 6) of the present invention. 

FIG. 1 1 is a schematic sectional view of a main part for 
describing an erasing operation of the semiconductor storage 
device (Embodiment 6) of the present invention. 

FIG. 12 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 7) of the 
present invention. 

FIG. 13 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 8) of the 
present invention. 

FIG. 14 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 9) of the 
present invention. 

FIG. 15 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 10) of the 
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present invention. 

FIG. 16 is a schematic sectional view of a main part for 
describing the flow of a manufacturing method of the 
semiconductor storage device (Embodiment 10) of the present 
invention. 

FIG. 17 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 11) of the 
present invention. 

FIG. 18 is a schematic sectional view of a main part for 
describing the flow of a manufacturing method of the 
semiconductor storage device (Embodiment 11) of the present 
invention. 

FIG. 19 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 12) of the 
present invention. 

FIG. 20 is a schematic sectional view of a main part 
showing a semiconductor storage device (Embodiment 13) of the 
present invention. 

FIG. 21 and FIG. 22 are schematic sectional views of a 
main part for describing the flow of a manufacturing method of 
the semiconductor storage device (Embodiment 13) of the 
present invention. 

FIG. 23 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 14) of the present 
invention. 



FIG. 24 is a schematic sectiona4 view of a main part of a 
semiconductor storage device (Embodiment 15) of the present 
invention. 

FIGS. 25 and 26 are enlarged schematic sectional views of 
the main part of FIG. 24. 

FIG. 27 is a graph showing electric characteristics of the 
semiconductor storage device (Embodiment 15) of the present 
invention. 

FIG. 28 is a schematic sectional view of a main part of a 
modification of the semiconductor storage device (Embodiment 
15) of the present invention. 

FIG. 29 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 16) of the present 
invention. 

FIG. 30 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 17) of the present 
invention. 

FIG. 31 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodirnen t 18) of the present 
invention. 

FIG. 32 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 19) of the present 
invention. 

FIG. 33 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 20) of the present 
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invention. 

FIG. 34 is a schematic sectional view of a main part of a 
semiconductor storage device (Embodiment 21) of the present 
invention. 

FIG. 35 is a schematic sectional view of a portable 
electronic apparatus in which the semiconductor storage device 
of the present invention is assembled. 

FIG. 36 is a schematic sectional view of a main part 
showing a conventional semiconductor storage device. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, description will be given of a semiconductor 
storage device, its manufacturing method and a portable 
electronic apparatus of the present invention with reference to 
15 the drawings in detail. In the following description, 

conductivity types may be reversed and the constituent features 
described in each of embodiments may be applied to other 
embodiments. 

20 EMBODIMENT 1 

A semiconductor storage device of Embodiment 1 is 
substantially constituted by a single three-terminal device 
having a variable resistor. 

FIG. 1(a) is a schematic sectional view of a memory cell of 
25 a storage device formed on a glass panel of a liquid crystal TFT 

15 
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display device, as an example of the semiconductor storage 
device of the present invention. The storage device is used for 
adjusting an image. FIG. 1(b) is an equivalent circuit diagram 
of the memory cell. 

As shown in FIG. 1(a), the memory cell has: a P-type 
diffusion region 603 formed in a semiconductor layer 602 on a 
glass panel 601; an N-type diffusion region 604 formed in 
contact with the P-type diffusion region 603 in the 
semiconductor layer 602; a memory functional element 605 
disposed on the semiconductor layer 602 across the boundary of 
the P-type diffusion region 603 and the N-type diffusion region 
604; and a single electrode 607, which is in contact with the 
memory functional element 605, formed on the P-type diffusion 
region 603 via an insulation film 606 so as to be insulated from 
15 the P-type diffusion region 603. Further, a refractory metal 

silicide film 608 is formed on the surface of the P-type diffusion 
region 603. A wire 609a is connected to the refractory metal 
silicide film 608. The refractory metal silicide film 608 is also 
formed on the surface of the N-type diffusion region 604. A 
wire 609b is connected to the refractory metal silicide film 608. 
The wires 609a and 609b are connected to the refractory metal 
silicide 608 via contact plugs 612 filling contact holes opened in 
an interlayer insulation film 610. 

As shown in FIG. 1(b), a portion in the vicinity of the 
surface of the P-type diffusion region 603 and under the 
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electrode 607 has a switch function. *A portion in the vicinity of 
the surface of the P-type diffusion region 603 and under the 
memory functional element 605 serves as a variable resistor A. 
The electrode 607 has the function of an input terminal for 
5 changing over the switch. The switch and the variable resistor 
A are formed under the electrode 607 and the memory 
functional element 605 formed adjacent to the electrode 607 
(formed on the sidewall of the electrode 607). That is, the 
switch and the variable resistor A are formed so as to be 
10 adjacent to each other in a position defined by the boundary 
between the electrode 607 and the memory functional element 
605, and are substantially integral. Therefore, the switch, the 
variable resistor and the electrode 607 are constituted by one 
device 63 1 . 

15 In the case of constituting a memory cell array by 

arranging a plurality of memory cells, it is sufficient to connect 
the electrode 607 to a word line 622 and to connect one end of 
the device 631 to a bit line 623. 

The memory cell can be read/ rewritten by applying 

20 predetermined voltages to the P-type diffusion region 603, the 
N-type diffusion region 604, and the electrode 607 functioning 
as a selection word line. 

For example, by setting the voltage of the P-type diffusion 
region 603 as a reference potential, a voltage in the positive 

25 direction with respect to the reference potential is applied to the 



N-type diffusion region 604. At this .time, by setting the 
electrode 607 in a non-selection state (for example, a state 
where the reference voltage is applied), the portion under the 
electrode 607 remains in the P-type. Consequently, the PN 
junction between the P-type diffusion region 603 and the N-type 
diffusion region 604 is reverse-biased and only a PN 
reverse-direction current flows between the wires 609a and 
609b. The current value can be almost ignored. On the other 
hand, when the electrode 607 is set to a selection state (for 
example, a voltage in the positive direction with respect to the 
reference voltage is applied), the portion under the electrode 607 
is inverted to the N-type, so that a current according to the 
resistance value of the variable resistor A flows. Therefore, by 
detecting the current, memory information can be read out. 

The resistance value of the variable resistor A can be 
changed, that is, rewritten according to an amount of charges 
accumulated in the memory functional element 605. In order 
to accumulate charges in the memory functional element 605, 
by setting the P-type diffusion region 603 to a reference voltage 
and applying a reverse bias voltage which is very large as 
compared with that used at the time of reading (for example, 
three times or more as large as the potential difference at the 
time of reading) to the N-type diffusion region 604, an interband . 
tunnel current is used. Specifically, electrons are accumulated 
in the memory functional element 605 when a positive voltage 
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with respect to the reference voltage is applied to the electrode 
607, and holes are accumulated in the memory functional 
element 605 when a negative voltage is applied to the electrode 
607. By setting the P-type diffusion region 603 to a reference 
5 voltage, applying a relatively large reverse bias (for example, 
about twice or three times as large as that at the time of 
reading) to the N-type diffusion region 604, and simultaneously 
applying a positive voltage to the electrode 607, charges may be 
accumulated in the memory functional element 605 by channel 

10 hot electrons. Alternatively, charges may be accumulated in 
the memory functional element 605 by both of them. 

In the case where the N-type diffusion region 604 and the 
P-type diffusion region 603 have reverse conductivity types, by 
reversing all of the signs of the above applied voltages, rewriting 

15 operation can be performed similarly. 

As described above, the memory cell of this embodiment 
is constituted by substantially one device, and the device has 
only three terminals. It is therefore possible to realize 
scale-down and high-integration of the semiconductor storage 

20 device. 

The memory functional element 605 includes, at least, a 
region for holding charges or a film having the function of 
accumulating and holding charges. Further, the memory 
functional element 605 preferably includes a region which 
25 suppresses escape of charges or a film having the function of 



suppressing escape of charges. For example, in the memory 
functional element 605, the faces in contact with the P-type 
diffusion region 603, N-type diffusion region 604 and electrode 
607 are constituted by a region which suppresses escape of 
charges, or the like so that the region for holding charges is not 
in direct contact with the P-type diffusion region 603, N-type 
diffusion region 604 and electrode 607, thereby enabling the 
reliability of storage and retention time to be dramatically 
improved. It is very important from the viewpoint of improving 
reading speed that the region for holding charges, or the like in 
the memory functional element 605 is disposed across the 
boundary of the P-type diffusion region 603 and the N-type 
diffusion region 604. 

Preferably, the electrode 607 is formed only on a sidewall 
of the memory functional element 605 or the top of the memory 
functional element 605 is not covered. With such arrangement, 
also in the case of achieving scale-down by disposing the 
contact plug 612 and the electrode 607 or the contact plug 612 
and the memory functional element 605 so as to be close to 
each other or overlapped with each other, the electrode 607 and 
the wire 609b can be prevented from being short-circuited. 

The refractory metal silicicle film 608 can be formed of 
silicide of a high refractory metal such as titanium, tantalum, 
molybdenum or tungsten. Connection between the P-type 
diffusion region 603 and N-type diffusion region 604 and the 
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refractory metal silicicle film 608 may "be ohmic contact or 
Schottky contact. 

As shown in FIG. 2, the wire 609a and the P-type 
diffusion region 603 may be connected to each other via an 
5 N-type diffusion region 611 which is formed in the P-type 
diffusion region 603 without forming the refractory metal 
silicide film 608. 

EMBODIMENT 2 

10 In a semiconductor storage device of the present 

invention, as shown in FIG. 3, memory functional films 805 may 
be formed on both sides of an electrode 807. Specifically, the 
semiconductor storage device may have a configuration 
substantially the same as that of the memory cell of 

15 Embodiment 1 except that the components are provided so as to 
be symmetrical with respect to the electrode 607 of the memory 
cell shown in Embodiment 1 as a center. 

With such a configuration, the degree of integration can 
be further improved as compared with Embodiment 1. 

20 By the electrode 807, storage informations of the two 

memory functional elements 805 (resistance informations of the 
variable resistors A according to amounts of charges 
accumulated in the memory functional elements 805) can be 
independently read out as amounts of currents flowing in two 

25 N-type diffusion regions 804. For example, a reference voltage 



is applied to one of the two N-type diffusion regions 804 and a 
positive voltage is applied to the electrode 807, thereby forming 
an inversion layer in a P-type diffusion region 803. At this time, 
further, a positive voltage sufficient to deplete a part of the 
inversion layer (which becomes a depletion layer) is applied to 
the other N-type diffusion region 804. By this application, the 
variable resistor A on the side where the inversion layer is 
depleted substantially loses the function of a variable resistor 
due to depletion. It is therefore possible to read out only the 
information of the variable resistor A on the side of one of the 
N-type diffusion regions 804 as the amount of current flowing 
between the two N-type diffusion regions 804. 

By such a method, the charges are independently 
accumulated in react out each of the two memory functional 
elements 805, thereby enabling one memory cell to store 2-bit 
(four-value) information. 

Moreover, by making the amount of charges accumulated 
in the memory functional elements have multiple values (three 
or larger values), the information amount can be further 
increased. For example, by storing three-value information in 
each of the memory functional elements 805, information of 
nine values can be stored per one memory cell. When four 
values are stored in each memory functional element, 16 values 
(four bits) can be stored. When eight values are stored in each 
memory functional element, 64 values (six bits) can be stored. 
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EMBODIMENT 3 

In a memory cell of Embodiment 3, as shown in FIG. 4, a 
logic LSI and a nonvolatile memory are mixedly mounted on an 
5 SOI substrate 900 to constitute an FPGA (Field Programmable 
Gate Array). Variable resistance regions 902 are separately 
formed. 

Specifically, the memory cell is constituted by a channel 
region 901 formed by an N-type silicon layer, the variable 

10 resistance regions 902 formed on both sides of the channel 

region 901, N-type diffusion regions 903 provided on both sides 
of the channel region 901 via the variable resistance regions 902, 
a gate electrode 905 provided on the channel region 901 via a 
gate insulation film 904, and two memory functional elements 

15 906 disposed on both sides of the gate electrode 905 and across 
the variable resistance region 902 and a part of the diffusion 
region 903. 

The variable resistance region 902 is a silicon layer in 
which a P-type impurity is dominantly doped, that is, a P-type 

20 impurity is doped at concentration higher than that of an N-type 
impurity. Since the variable resistance region 902 is 
sandwiched between the channel region 901 and the diffusion 
region 903, it is depleted. The depletion may be either 
complete depletion or partial depletion. 

25 The memory functional element 906 is formed by an ONO 
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film (a silicon oxide film 9061, a silicon nitride film 9062 and 
silicon oxide film 9063) and uses, as a film having the function 
of accumulating and holding charges, an L-shaped silicon 
nitride film. 

5 The channel region 901 and the diffusion region 903 are 

not necessarily of the same conductivity type. An important 
thing is to dope the variable resistance region 902 with an 
impurity of a conductivity type opposite to that of the diffusion 
region more than an impurity of the same conductivity type. 
0 In the memory cell, the resistance of the variable 

resistance region 902 can be changed by charges accumulated 
in the memory functional element 906. Concretely, according 
to the charges accumulated in the memory functional element 
906, the property of the P type is enhanced or the property of 
> the N type is enhanced in the variable resistance region 902. 

By applying a positive voltage to the gate electrode 905, due to a 
roundabout electric field generated from the sidewall of the gate 
electrode 905, a barrier between the variable resistance region 
902 and the diffusion 903 is lowered, and current flows between 
the diffusion region 903 and the channel region 901. The 
current changes according to the resistance value of the, variable 
resistance region 902, thereby producing a memory effect. 

For example, by setting the voltage of one of the diffusion 
regions 903 as a reference potential, a voltage in the positive 
direction is applied to the gate electrode 905. At this time, the 
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voltage applied to the other diffusion region 903 is applied in 
the positive direction with respect to the reference potential. 
The voltage applied to the other diffusion region 903 is set to be 
high until the electric field from the other diffusion region 903 

5 becomes dominant more than the roundabout electric field from 
the sidewall of the gate electrode 905 and the variable 
resistance region 902 is depleted on the side of the other 
diffusion region 903. Under such voltage application 
conditions, the variable resistance region 902 on the other 

10 diffusion region 903 side to which the positive voltage is applied 
changes to a depletion layer on which the influence of the 
electric field of the diffusion region is dominant, and the 
variable resistance function is lost. Therefore, only the 
information of the variable resistance region 902 on the side of 

15 one of the diffusion regions 903 (to which the reference voltage 
is applied) is used as storage information, that is, the storage 
information in the variable resistance region 902 can be read 
out independently as an amount of current flowing between the 
two regions 903. When the N type is dominant in the variable 

20 resistance region 902, that is, when the diffusion region is of 

the P type, by reversing all of the signs of the applied voltages, a 
reading operation can be similarly read. 

In this embodiment, the region in which current flows 
under the gate electrode is defined as a channel region. 

25 
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EMBODIMENT 4 

A memory cell as a component of a semiconductor storage 
device of Embodiment 4 is a nonvolatile memory cell capable of 
storing two bits, in which, as shown in FIG. 5(c), a gate 
electrode 3 having a gate length which is almost the same as 
that in a normal transistor is formed on a semiconductor 
substrate 1 via a gate insulation film 2 and a charge holding 
film 4 serving as a memory functional element having a sidewall 
spacer (sidewall insulation film) shape is formed on the 
sidewalls of the gate insulation film 2 and the gate electrode 3. 
The surface of the semiconductor substrate under the gate 
electrode is a channel region 6. On both sides of the channel 
region 6, source/drain regions, which are impurity diffused 
regions of the conductivity type opposite to the conductivity type 
of the channel region, that is, the conductivity type of the 
surface of the semiconductor substrate in this embodiment, are 
formed. The source/drain region is constituted by a 
high-concentration impurity diffusion region 7 and a 
low-concentration impurity diffusion region 8. The 
low-concentration impurity diffusion region 8 is disposed in the 
vicinity of the channel region 6. 

The memory functional element is formed on the 
source/drain regions. Preferably, at least a part of the 
source/ drain region positioned under the memory functional 
element is the low-concentration impurity diffusion region 8. 



Preferably, the low-concentration imptirity diffusion region 8 is 
set so as to be depleted or its conductivity type is reversed in 
accordance with the amount of charges accumulated in the 
memory functional element. 
5 In the memory cell, the memory functional element in the 

memory transistor is formed independently of the gate 
insulation film. In other words, a memory function of the 
memory functional element and a transistor operation function 
of the gate insulation film are separated from each other. 
10 Therefore, the charge holding film 4 as a memory functional 
element can be formed of a material suitable for the memory 
function. 

The high-concentration impurity diffusion region 7 is 
offset from the gate electrode 3, thereby enabling easiness of 

15 inversion of the low-concentration impurity diffusion region 8 
under the charge holding film 4 which becomes a memory 
functional element when voltage is applied to the gate electrode 
3 to be largely changed by an amount of charges accumulated in 
the charge holding film 4 as a memory functional element, so 

20 that the memory effect can be increased. 

In the memory cell, by injection of electrons into the 
memory functional element (which is defined as writing in the 
case of an N-channel type device), the low-concentration 
impurity diffusion region 8 is depleted or inverted. 

25 Consequently, a structure equivalent to that of a MOSFET in 



which the source/drain regions are offset from the gate 
electrode is seemingly obtained, and an amount of current 
between the source/drain regions decreases extremely. On the 
other hand, by injection of holes into the memory functional 
element (which is defined as erasure in the case of the 
N-channel type device), since the low-concentration impurity 
diffusion region 8 is originally formed, as compared with an 
initial state (a state where electrons and holes are not 
accumulated in the memory functional element or a heat 
balance state), the current between the source/ drain regions 
does not largely change. 

Therefore, in the memory cell, excessive erasure which is 
a big issue in a nonvolatile memory (such as an EERPOM or 
FLASH) does not occur, and there is a big advantage such that it 
is unnecessary to provide a peripheral circuit as a 
countermeasure against excessive erasure. 

The memory cell can be formed by a process similar to 
that of a normal logic transistor. 

First, as shown in FIG. 5(a), on the semiconductor 

substrate 1, the gate insulation film 2 which is a silicon 

f 

oxynitride film having a thickness of about 1 to 6 nm and a gate 
electrode material film made of polysilicon, a laminated film of 
polysilicon and a refractory metal silicide, or a laminated film of 
polysilicon and a metal, having a thickness of about 50 to 400 
nm are formed and patterned in a desired shape, thereby 
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forming the gate electrode 3. 

As the materials oi the gate insulation film and the gate 
electrode, it is sufficient to use materials which are used in a 
logic process according to a scaling rule of the age as described 
above. The present invention is not limited to the above 
materials. 

Subsequently, completely separately from the gate 
insulation film 2, as shown in FIG. 5(b), a silicon nitride film 
having a thickness of about 20 to 100 nm is formed on the 
whole surface of the obtained semiconductor substrate 1 and 
etched back by anisotropic etching, thereby forming the charge 
holding film 4 optimum for storage as a siclewall spacer on the 
sidewalls of the gate electrode. More preferably, in place of the 
silicon nitride film, a silicon oxide film having a thickness of 
about 2 to 20 nm and a silicon nitride film having a thickness of 
about 2 to 100 nm are sequentially deposited and etched back 
by anisotropic etching, thereby forming the charge holding film 
4 optimum for storage in a sidewall spacer shape on the sidewall 
of the gate electrode. 

After that, as shown in FIG. 5(c), by implanting ions while 
using the gate electrode 3 and the charge holding 1 film 4 as a 
mask, source/drain regions (the high-concentration impurity 
diffusion region 7 and the low-concentration impurity diffusion 
region 8) are formed. The low-concentration impurity diffusion 
region 8 may be formed by ion implantation before the process 
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of forming the memory functional element 4. Preferably, the 
low-concentration impurity diffusion region 8 has the 
conductivity type opposite to that of an impurity for forming a 
channel and has an impurity concentration in the range from 1 
x 10 16 /cm 3 to 1 x 10'8/cm3, more preferably, from 1 x 10i6/ cm 3 
to 5 x 10 17 /cm 3 . 

By disposing the gate insulation film 2 and the charge 
holding film 4 as a memory functional element so as to be 
separated from each other, a memory cell transistor having a 
short channel effect of the same degree can be formed by a 
manufacturing process which is the same as that of a normal 
transistor. Therefore, a logic circuit part can be constituted by 
a part of transistors formed on the same chip by the 
above-described procedure and a memory part (for example, a 
nonvolatile memory) can be constituted by the other transistors. 
In this case, when the logic circuit part is operated in a voltage 
range in which charges are not injected into the memory 
functional element, a change in the characteristics of a 
transistor can be prevented. In the memory part, by applying a 
voltage sufficient to inject charges to the memory functional 
element, rewriting can be performed. That is, both a logic 
circuit and a nonvolatile memory can be formed by an extremely 
simple process. 

Except for a variable resistor-type 2-device/cell-type 
nonvolatile memory (M RAM) described as the prior art, there is 
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an EEPROM as a typical nonvolatile rhemory. 

In an EEPROM, as shown in FIG. 6(a), a memory cell is 
constituted by two transistors of a selection transistor (STr) 
connected to a control gate line (CGL) and a memory transistor 
5 (MTr) connected to a word line (WL) and having a charge holding 
film (MF) . In contrast, as shown in FIG. 6(b) , the memory cell 
of the above structure having the functions of a selection 
transistor and a memory transistor can be constituted by one 
gate electrode (that is, one word line WL) by an effect of two 

10 variable resistors of the two memory functional elements. 

Specifically, it can be regarded that, in a portion between the 
source /drain regions and at both ends of the channel region, 
the variable resistors disposed under the memory functional 
elements on both sides of the gate electrode are connected to the 

15 channel region. In accordance with the amount of charges held 
in the memory functional element, by applying a voltage to the 
gate electrode, the memory functional element changes 
resistance of the diffusion region disposed under the memory 
functional element and changes the amount of current from one 

20 of the diffusion regions to the other diffusion region. One 

memory cell is constituted by only four terminals: one terminal 
connected to the semiconductor substrate; two terminals 
connected to two diffusion regions; and one terminal connected 
to the gate electrode. Further, the semiconductor storage 

25 - device is either read, written or erased by application of only 



four kinds of voltages: a voltage applied to the semiconductor 
substrate; a voltage applied to the gate electrode; and voltages 
respectively applied to the two diffusion regions. 

With the configuration, in order to select one memory cell, 
5 it is sufficient to select one word line connected to the gate 

electrode or having the function of the gate electrode itself. It 
is unnecessary to form two transistors, so that further 
high-integration can be realized. In other words, in contract to 
FIG. 6(a) in which the number of gate electrodes, that is, control 
0 gate lines and word lines increases and the cell area is not 

reduced, in the present invention, one cell can be operated by 
one word line. For example, when the word lines are formed 
with the minimum processing dimensions (the minimum wiring 
width and the minimum wiring interval) and laid in the memory 
) cell region, in the case where one word line is sufficient to 
constitute one memory cell, an effect such that the cell 
occupation area can be reduced to 1/n as compared with the 
case where n pieces of word lines are necessary. In FIG. 6(a) as 
an example, two word lines are necessary to constitute a 
memory cell and one memory cell stores 1-bit (binary) 
information. In contrast, in FIG. 6(b), one memory cell is 
•constituted by one word line, and two-bit (since there are the 
charge holding films on both sides of one gate electrode (word 
line)) and 4-value information is stored per one memory cell. 
That is, there is an effect such that the occupation area of the 
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memory cell can be reduced to 1/2 (two word lines to one word 
line) and the occupation area can be reduced to 1/4 per 1-bit. 

EMBODIMENT 5 

5 In place of the memory functional element (charge holding 

film 4) formed by the silicon nitride film in Embodiment 4, as 
shown in FIGS. 7(a) to 7(e), various kinds of memory functional 
elements can be employed. 

For example, as shown in FIG. 7(a), the memory 

10 functional element is formed by an ONO film including a silicon 
oxide film 41 having a thickness of about 1 to 20 rim, a silicon 
nitride film 42 having a thickness of about 2 to 100 nm and a 
silicon oxide film 43 having a thickness of about 5 to 100 nm. 

The memory functional element may be formed by an ON 

15 film including, as shown in FIG. 7(b), a silicon oxide film 44 
having a thickness about 1 to 20 nm and a silicon nitride film 
45 having a thickness of about 2 to 100 nm. 

Further, the memory functional element may be formed 
by an ON film including, as shown in FIG. 7(c), a silicon oxide 

20 film 46 having a thickness of about 1 to 20 nm and a silicon 

nitride film 47 having a thickness of about 5 to 100 nm, and the 
silicon nitride film 47 may be in contact with the semiconductor 
substrate. The silicon oxide film 46 and the silicon nitride film 
47 may be interchanged with each other. 

25 The memory functional element may be formed by, as 
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shown in FIG. 7(d), a floating gate conductive film 49 made of 
polysilicon having a thickness of about 10 to 100 nm via an 
insulation film 48 which is a silicon oxide film having a 
thickness of about 1 to 20 nm. In the case of using a 
conductive film, although not shown, it is preferable to cover the 
surface of the memory film with an insulation film. 

Further, the memory functional element may be formed 
by, as shown in FIG. 7(e), an insulation film 481 made of an 
insulation material such as a silicon oxide film, a silicon nitride 
film or a high dielectric constant film having a thickness of 
about 5 to 100 nm. In the insulation film 481, one or more 
floating gate conductive films 491 in a dot shape (having a 
diameter of about 1 to 8 nm) made of a conductor such as 
silicon are dispersed. 

When the memory functional element having any of the 
above-described configurations, particularly, the memory 
functional element made by the silicon nitride film is used, it is 
very preferable since the memory functional element can be 
easily introduced to a mass production factory. However, the 
present invention is not limited to the film configurations and 
materials. The semiconductor storage device of the present 
invention can be basically obtained by a laminated structure of 
a film having the charge holding function or a material having 
the charge holding function (for example, a silicon nitride film, 
silicate glass containing impurity such as phosphorus or boron, 
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silicon carbide, alumina, hafnium oxide, zirconium oxide, 
tantalum oxide, zinc oxide, ferroelectric film, or the like) and the 
insulation film, or an insulator containing a material having the 
charge holding function. 

5 

EMBODIMENT 6 

In a memory cell as a component of a semiconductor 
storage device of Embodiment 6, as shown in FIG. 8, an N-type 
first diffusion region 12 and an N-type first diffusion region 13 

10 are formed on the surface of a P-type well 1 1 formed in a 

semiconductor substrate, and a channel region is formed in the 
uppermost layer part of the well 11 between the diffusion 
regions 12 and 13. On the channel region, a gate electrode 17 
is formed via a gate insulation film 14 including a silicon oxide 

15 film or a silicon oxynitride film having a thickness of about 1 to 
6 nm. The gate electrode 17 does not overlap with the diffusion 
regions 12 and 13, and there are small channel regions (71 in 
FIG. 8) which are not covered with the gate electrode 17. At 
both ends of the gate electrode 17, charge holding films 15 and 

20 16 as memory functional elements made by a silicon nitride film 
having a thickness of about 10 to 100 nm (the width in the 
horizontal direction of the semiconductor substrate) are 
provided for storing information by accumulating or trapping 
charges. The channel regions 71 which are not covered with 

25 the gate electrode 17 are covered with the charge holding films 
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15 and 16. It is important herein that the diffusion regions 12 
and 13 and the charge holding films as the memory functional 
elements overlap each other at least partially. 

Next, description will be given of the operation principle 
of the semiconductor storage device. The operation principle 
can be applied not only to the semiconductor storage device of 
this embodiment but also to semiconductor storage devices of 
other embodiments of the present invention. 

The principle of a writing operation of the semiconductor 
storage device will be described with reference to FIGS. 9(a) and 
9(b). 

Writing denotes herein injection of electrons into a charge 
holding film. 

In order to inject electrons into the charge holding film 16 
as the memory functional element (to write), as shown in FIG. 
9(a), the first diffusion region 12 is used as a source electrode, 
and the second diffusion x-egion 13 is used as a drain electrode. 
For example, it is sufficient to apply OV to the first diffusion 
region 12 and the well 11, +6V to the second diffusion region 13, 
and +2V to the gate electrode 17. Under such voltage 
conditions, an inversion layer 410 extends from the first 
diffusion region 12 (source electrode) but does not reach the 
second diffusion region 13 (drain electrode), and a pinch-off 
point occurs. Electrons are accelerated from the pinch-off 
point to the second diffusion region 13 (drain electrode) by a 



high electric field and become so-called hot electrons. The hot 
electrons are injected into the charge holding film 16, thereby 
performing writing. 

Since hot electrons are not generated in the vicinity of the 
5 charge holding film 15, writing is not performed. Also in the 
case where the diffusion regions 12 and 13 and the charge 
holding film as a memory functional element do not overlap each 
other at all, generation of hot electrons is suppressed and it 
becomes difficult to perform writing in a practical application 
10 voltage range (the voltage difference of 20V or less). 

In such a manner, by injecting electrons into the charge 
holding film 16 as a memory functional element, writing can be 
performed. 

On the other hand, in order to inject electrons into the 
15 charge holding film 15 as a memory functional element (to 

perform writing), as shown in FIG. 9(b), the second diffusion 
region 13 is used as a source electrode, and the first diffusion 
region 12 is used as a drain electrode. For example, it is 
sufficient to apply 0V to the second diffusion region 13 and the 
20 well 11, + 6V to the first diffusion region 12, and +2V to the gate 
electrode 17. As described above, by interchanging the source 
and drain regions of the case of injecting electrons into the 
charge holding film 16, electrons are injected into the charge 
holding film 15 to perform writing. 
25 The principle of a reading operation of the semiconductor 



storage device will now be described with reference to FIG. 10. 

In the case of reading information stored in the charge 
holding film 15 as a memory functional element, the first 
diffusion region 12 is used as a source electrode, the second 
diffusion region 13 is used as a drain electrode, and the 
transistor is operated in a saturation region. For example, it is 
sufficient to apply 0V to the first diffusion region 12 and the 
well 11, +2V to the second diffusion region 13, and +1V to the 
gate electrode 17. In the case where no electrons are 
accumulated in the charge holding film 15, drain current easily 
flows. On the other hand, in the case where electrons are 
accumulated in the region 15, the inversion layer 410 is not 
easily formed in the vicinity of the charge holding film 15 and 
drain current does not easily flow. Therefore, by detecting the 
drain current, information stored in the charge holding film 15 
can be read out. The presence/absence of charge accumulation 
in the charge holding film 16 does not exert an influence on the 
drain current since a pinch-off occurs in the vicinity of the 
drain. Consequently, by operating the transistor in the 
saturation region (by bringing out a pinch-off in the vicinity of 
the drain) at the time of reading, irrespective of the storage state 
of the charge holding film 16, storage information of the charge 
holding film 15 can be detected with high sensitivity. This is a 
big factor which enables 2-bit operation. 

As obvious from the above description, the roles of the 



source electrode and the drain electrode are interchanged 
between the case of injecting electrons into the charge holding 
film 15 as a memory functional element (writing) and the case of 
reading out storage information of the charge holding film 15. 
5 In other words, the relation between the magnitude of the 

voltage applied to one of the first and second diffusion regions 
(source and drain regions) and that of the voltage applied to the 
other diffusion region is changed between the case of changing 
the storage state by injecting electrons into the memory 
10 functional element and the case of reading out the storage state 
of the memory functional element. Consequently, an effect of 
improving resistance to read disturbance can be also obtained 
as follows. 

For example, in the case where the second diffusion 
15 region 13 is set as a source electrode and the first diffusion 

region 12 is set as a drain electrode in order to read out storage 
information of the charge holding film 15 (that is, the roles of 
the source and drain electrodes are unchanged between the 
writing operation and the reading operation), a very small 
20 amount of electrons are injected to the charge holding film 15 
for each reading operation. This is because electrons have 
relatively high energy on the drain electrode side even by a 
small drain voltage in the reading operation. Consequently, in 
the case of performing a number of reading operations without 
25 performing the rewriting operation, there is a possibility in that 
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storage information of the charge holding film 15 is rewritten. 

However, when the roles of the source and drain 
electrodes are interchanged between the writing operation and 
the reading operation, the charge holding film 15 becomes on 
the source electrode side in the reading operation. 
Consequently, there is no possibility of such erroneous writing. 
Therefore, resistance to read disturbance increases. 

In the case of reading out information stored in the 
charge holding film 16, the second diffusion region 13 is set as a 
source electrode, the first diffusion region 12 is set as a drain 
electrode, and the transistor is operated in a saturation area. 
For example, it is sufficient to apply OV to the second diffusion 
region 13 and the well 11, +2V to the first diffusion region 12, 
and +1V to the gate electrode 17. By interchanging the source 
and drain regions from those in the case of reading out 
information stored in the charge holding film 15, the 
information stored in the charge holding film 16 can be read 
out. 

In the case where the channel region 71 which is not 
covered with the gate electrode 17 is left, in the channel region 
which is not covered with the gate electrode 17, an inversion 
layer is dissipated or formed according to the presence/absence 
of excessive electrons in the charge holding films 15 and 16. 
As a result, a large hysteresis (change in threshold) is obtained. 
However, when the channel region 71 which is not covered with 
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the gate electrode 17 is too wide, the drain current largely 
decreases and reading speed largely decreases. Particularly, in 
the case where the charge holding films 15 and 16 and the first 
and second diffusion regions do not overlap with each other at 
5 all, reading speed decreases to the extent that the device does 
not function as a practical storage device. Therefore, it is 
preferable to determine the width of the channel region 71 
which is not covered with the gate electrode 17 so as to obtain a 
sufficient hysteresis and reading speed. 
10 Even in the case where the diffusion regions 12 and 13 

reach the ends of the gate electrode 17, that is, even when the 
diffusion regions 12 and 13 and the gate electrode 17 overlap 
each other, the threshold of the transistor is hardly changed by 
the writing operation. However, parasitic resistance largely 
15 changes at ends of the source and drain and the drain current 
largely decreases (by one digit or more) (in this embodiment, 
since the concentration of the diffusion regions 12 and 13 is 
high and the concentration in the vicinity of a channel is not 
decreased like in Embodiment 4, the conductivity type is not 
20 inverted and the threshold hardly changes). Therefore, reading 
' can be performed by detecting a drain current and the function 
of a memory can be obtained. In the case where a higher 
memory hysteresis effect is necessary, it is preferred that the 
diffusion regions 12 and 13 and the gate electrode 17 do not 
25 overlap each other. 
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Moreover, in the case where the diffusion regions 12 and 
13 are offset from the ends of the gate electrode 17 (that is, they 
do not overlap each other), as compared with a normal logic 
transistor, a short channel effect can be prevented more 
strongly and the gate length can be further shortened. Since 
the structure is adapted to suppress the short channel effect, as 
compared with a logic transistor, a thicker gate insulation film 
can be employed and reliability can be improved. 

At any rate, by making the charge holding films 15 and 
16 and the first and second diffusion regions overlap each other, 
the resistance of the channel region 71 which is not covered 
with the gate electrode 17 largely changes in accordance with 
the presence/ absence of charges accumulated in the charge 
holding films 15 and 16. Thus, the resistance of the two 
variable resistors in FIG. 6(b) in Embodiment 4 can be 
independently changed. 

The principle of an erasing operation of the 
semiconductor storage device will now be described. 

As a first method, in the case of erasing information 
stored in the charge holding film 15 as a memory functional 
element, it is sufficient to apply a positive voltage (for example, 
+ 6V) to the first diffusion region 12, OV to the well 11, a reverse 
bias to the PN junction between the first diffusion region 12 and 
the well 1 1 and, further, a negative voltage (for example, -5V) to 
the gate electrode 17. In the PN junction in the vicinity of the 
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gate insulation film, due to the influence of the gate electrode to 
which the negative voltage is applied, particularly, the gradient 
of the potential becomes steep. Consequently, hot holes are 
generated on the well region 1 1 side of the PN junction by an 
5 interband tunnel. The hot holes are attracted by the gate 

electrode 17 having the negative potential and, as a result, holes 
are injected to the charge holding film 15. In such a manner, 
information of the charge holding film 15 is erased. At this 
time, it is sufficient to apply OV to the second diffusion region 
10 13. 

In the case of erasing information stored in the charge 
holding film 16, it is sufficient to interchange the potential of 
the first diffusion region and the potential of the second 
diffusion region with each other. 

15 As a second method, in the case of erasing information 

stored in the charge holding film 15 as a memory functional 
element as shown in FIG. 11, it is sufficient to apply a positive 
voltage (for example, +5V) to the first diffusion region 12, OV to 
the second diffusion region 13, a negative voltage (for example, 

20 -4V) to the gate electrode 17, and a positive voltage (for example, 
0.8V) to the well 11. A forward voltage is applied between the 
well 11 and the second diffusion region 13 and electrons are 
injected into the well 11. The injected electrons are diffused to 
the PN junction of the well 11 and the first diffusion region 12 

25 and are accelerated by a strong electric field, thereby becoming 



hot electrons. The hot electrons make electron-hole pairs 
generated in the PN junction. The hot holes generated in the 
PN junction are attracted by the gate electrode 17 having a 
negative potential and, as a result, holes are injected into the 
charge holding film 15. 

According to the second method, even in the case where 
only a voltage which is insufficient to generate hot holes by the 
interband tunnel is applied in the PN junction between the well 
11 and the first diffusion region 12, by the electrons injected 
from the second diffusion region 13, hot holes can be generated. 
Therefore, the voltage at the time of the erasing operation can be 
decreased. 

In the case of erasing information stored in the charge 
holding film 15, in the first erasing method, +6V has to be 
applied to the first diffusion region 12. In the second erasing 
method, +5V is sufficient. As described above, according to the 
second method, the voltage at the time of erasure can be 
reduced. Thus, power consumption can be reduced and 
deterioration in the semiconductor storage device by hot carriers 
can be suppressed. 

By the operating methods, 2-bit (four-value) writing and 
erasing can be performed selectively per one transistor. 
Consequently, the occupation area per one bit can be reduced 
and the manufacturing cost of the semiconductor storage device 
can be decreased. In the multi-valued technology used in a 
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flash memory or the like, extremely precise threshold control is 
required. In the case of applying the operating method to the 
semiconductor storage device of the present invention, it is 
unnecessary to perform such threshold control. 
5 In the operating methods, by interchanging the source 

electrode and the drain electrode, writing and erasing of two bits 
per one transistor is performed. It is also possible to fix the 
source electrode and the drain electrode and make the device 
operate as a 1-bit memory. In this case, one of the source and 

10 drain regions can be set to a common fixed voltage and the 

number of bit lines connected to the source and drain regions 
can be reduced to the half. 

Although the reading, writing and erasing operations have 
been described with respect to the case of an N-channel device, 

15 in the case of a P-channel device, by reversing the signs of all of 
application voltages, similar operations can be performed. 

EMBODIMENT 7 

A semiconductor storage device of Embodiment 7 has, as 
20 shown in FIG. 12, substantially the same configuration as that 
of the semiconductor storage device in Embodiment 6 except 
that the semiconductor substrate is replaced with an SOI 
(Silicon on Insulator) substrate. 

In the semiconductor storage device, a buried oxide film 
25 83 is formed on a semiconductor substrate 81. Further, an SOI 



layer is formed on the buried oxide film 83. In the SOI layer, 
the diffusion regions 12 and 13 are formed and the region other 
than the diffusion regions 12 and 13 is a body region 82. 

The semiconductor storage device also produces effects 
similar to those of the semiconductor storage device of 
Embodiment 6. Further, the junction capacitance between the 
diffusion regions 12 and 13 and the body region 82 can be 
considerably reduced, so that higher processing speed of the 
device and lower power consumption can be realized. 

EMBODIMENT 8 

A semiconchictor storage device of Embodiment 8 has, as 
shown in FIG. 13, a configuration substantially the same as that 
of the semiconductor storage device of Embodiment 6 except 
that the gate insulation film 14 extends between the charge 
holding films 15, 16 and the well 11 and the diffusion regions 
12, 13. 

Specifically, the charge holding film is in contact with, at 
least in the vicinity of the gate electrode, the diffusion region 
and/ or the well region or the body region (in the case where the 
SOI substrate is used) via the insulation film. 

The semiconductor storage device also produces effects 
similar to those of the semiconductor storage device of 
Embodiment 6. Further, by the gate insulation film 14 between 
the charge holding films 15, 16 and the well 11 and the 
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diffusion regions 12, 13, leakage of the held charges is 
suppressed and the retention characteristic can be improved. 
In addition, the whole surface of the channel region is covered 
with the gate insulation film 14. Consequently, by suppressing 
5 interface scattering of carriers in inversion layer, drain current 
is increased and, further, reading speed can be improved. 

The insulation film under the charge holding film may be 
designed and formed separately from the gate insulation film. 
The gate electrode may be so designed that priority is given on 
10 suppression of a short channel effect, and the insulation film 

under the charge holding film may be formed thicker or thinner 
than the gate insulation film. The charge holding film is not 
limited to a silicon nitride film but may be a film having the 
above-described configuration and made of the material. 

15 

EMBODIMENT 9 

A semiconductor storage device of Embodiment 9 is, as 
shown in FIG. 14, substantially the same as that of Embodiment 
8 except that a charge holding film 19 which is a silicon nitride 
20 film serves as an insulation film on the gate sidewall of the gate 
electrode 17. 

in the semiconductor storage device, a portion in which 
charges are actually accumulated or trapped and storage is 
maintained is regions 20 and 21 in the charge holding films 19. 
25 The semiconductor storage device also produces effects 
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similar to those of the semiconductor storage device of 
Embodiment 8. Further, since the side wall of the gate 
electrode 17 is covered with the charge holding film 19 as the 
gate sidewall insulation film, when ions are implanted to form 
the diffusion regions 12 and 13 while using the charge holding 
film 19 as a mask, it is easy to control the positions of the end 
portions of the diffusion regions 12 and 13. For example, it is 
easy to slightly leave the channel region which is not covered 
with the gate electrode 17, and to cover the channel region 
which is not covered with the gate electrode 17 with the charge 
holding film 19. Therefore, the semiconductor storage device 
having a large hysteresis (change in threshold) can be easily 
produced. 

The insulation film under the charge holding film 19 may 
be designed separately from the gate insulation film. It is also' 
possible to design and form the gate electrode while giving 
priority on suppression of a short channel effect and to form the 
insulation film under the charge holding film so as to be thicker 
or thinner than the gate insulation film. 

EMBODIMENT 10 

A semiconductor storage device of Embodiment 10 is 
substantially the same as the semiconductor storage device of 
Embodiment 9 except that, as shown in FIG. 15, a charge 
holding film 22 is formed in an L shape on the gate insulation 
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film 14 and is covered with a gate sidewall insulation film 25 
which is a silicon oxide film. 

In the semiconductor storage device, portions in which 
charges are actually accumulated or trapped and storage is held 
5 are regions 23 and 24 in the charge holding film 22. 

The semiconductor storage device of this embodiment 
produces effects similar to those of the semiconductor storage 
device of Embodiment 9. The charge holding film 22 is 
sandwiched between the gate insulation film 14 and a gate 
10 sidewall insulation film 25, thereby forming an ONO film 
structure. The structure increases efficiency of injecting 
electrons/holes, so that operation speed can be increased. 

A manufacturing method of the semiconductor storage 
device will be described with reference to FIG. 16. Formation of 
15 a device isolation region and the like will be omitted. 

First, as shown in FIG. 16(a), on the P-type well 11, the 
gate insulation film 14 which is made by a silicon oxide film or a 
silicon nitrooxide film having a thickness of about 1 to 6 nm, or 
a high-dielectric-constant film having a thickness of about 1 to 
20 100 nm is formed. Further, the gate electrode 17 is patterned. 
As shown in FIG. 16(b), on the whole surface of the 
semiconductor substrate obtained, a silicon nitride film 53 
having a thickness of about 5 to 20 nm and a silicon oxide film 
54 having a thickness of about 20 to 100 nm are deposited in 
25 this order by CVD. 



In a patterning process (etching process) in which the 
gate insulation film exposed at the time of performing the 
process of patterning the gate electrode 17 of FIG. 16(a) is 
damaged, the exposed gate insulation film except for the gate 
5 insulation film under the gate electrode is removed and, after 
that, a silicon oxide film or a silicon oxynitride film formed by 
oxidation or CVD or a high dielectric constant film formed by 
CVD or the like may be formed under the silicon nitride film 53 
in advance. 

0 Subsequently, as shown in FIG. 16(c), the silicon oxide 

film 54 and the silicon nitride film 53 are selectively etched 
back toward the gate electrode 17 and the semiconductor 
substrate. By the etching, the charge holding film 22 made by 
the silicon nitride film 53 having an L shape and the gate 

5 sidewall insulation film 25 covering the charge holding film 22 
are formed. After that, the diffusion regions 12 and 13 are 
formed. 

As described above, the semiconductor storage device of 
this embodiment can be manufactured by simple processes of 
only the insulation film forming process and the etch back 
process. 

EMBODIMENT 1 1 

A semiconductor storage device of Embodiment 1 1 is 
substantially the same as that of Embodiment 9 except that, as 
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shown in FIG. 17, the gate electrode 17 has recesses at its both 
lower ends, at least a part of the charge holding film 19 which is 
made by a silicon nitride film is buried in each of the recesses, 
and the charge holding film 19 and the gate electrode 17 are 
5 partitioned by the silicon oxide film 81. 

The semiconductor storage device also produces effects 
similar to those of the semiconductor storage device of 
Embodiment 9. 

Further, at the time of an erasing operation, hot holes 

10 generated around regions indicated by arrows 71 in FIG. 17 are 
attracted by the gate electrode having the negative potential. 
As shown by arrows 72, the hot holes are efficiently injected 
into the charge holding film 19. Consequently, the erasing 
operation can be performed at higher speed. 

15 In the semiconductor storage device, a portion in which 

charges are actually accumulated or trapped and storage is held 
is mainly a portion (around the tip of each of the arrows 72) in 
the charge holding film 19, which is buried in the recess of the 
gate electrode. 

20 A manufacturing method of the semiconductor storage 

device will be described with reference to FIG. 18. Formation of 
a device isolation region and the like will be omitted. 

First, as shown in FIG. 18(a), the gate insulation film 14 
and the gate electrode 17 are formed on the P-type well 11 and, 

25 after that, the whole surface is oxidized, thereby forming a 



silicon oxide film 51. The thickness of the silicon oxide film at 
this time can be set to, for example, 5 nm to 20 nm. In this 
case, a bird's beak is formed in a wedge shape in each of both 
lower ends of the gate electrode 17. 

Next, as shown in FIG. 18(b), after the silicon oxide film 
51 is removed by isotropic etching,. the whole surface is 
re-oxidized to thereby form a silicon oxide film 52. The silicon 
oxide film 52 is an insulation film which partitions the charge 
holding film from the gate electrode, the channel region (well 
region) and the diffusion regions (source/drain regions). 
Although the thickness of the silicon oxide film at this time is 
not particularly limited, it is preferably 4 nm to 20 nm from the 
viewpoint of realizing both the rewriting characteristic and the 
retention characteristic of the semiconductor storage device. 

Next, as shown in FIG. 18(c), a silicon nitride film is 
deposited on the whole surface (to a thickness of, for example, 
20 nm to 200 nm) and, after that, etched back, thereby forming 
the charge holding film 19 serving as a gate sidewall insulation 
film. After that, by performing impurity ion implantation and 
heat treatment while using the charge holding film 19 as a mask, 
the diffusion regions 12 and 13 are formed. In such a manner, 
the semiconductor storage device is completed (upper wirings 
and the like are omitted). 



EMBODIMENT 12 



A semiconductor storage device- of Embodiment 12 is 
substantially the same as the semiconductor storage device of 
Embodiment 11 except that, as shown in FIG. 19, the charge 
holding film 82 which is a silicon nitride film at least a part of 
5 which is buried in the recess of the gate electrode 17 is 
sandwiched between the silicon oxide films 81 and 83. 

The semiconductor storage device also produces effects 
similar to those of the semiconductor storage device of 
Embodiment 11. The charge holding film 82 has an ONO film 
10 structure that it is sandwiched between the silicon oxide films 

81 and 83, so that the efficiency of injecting electrons and holes 
is increased and the operation speed can be increased. 

The semiconductor storage device can be formed in such 
a manner that, for example, in the manLifacturing method of the 
15 semiconductor storage device of Embodiment 11, after that state 
of FIG. 18(b), a silicon nitride film (for example, 5 nm to 15 nm) 
and a silicon oxide film (for example, 20 nm to 200 nm) are 
deposited in this order, and the silicon oxide film and the silicon 
nitride film are etched back. 

20 

EMBODIMENT 13 

In a semiconductor storage device of Embodiment 13, as 
shown in FIG. 20, on the P-type well 11 formed in the 
semiconductor substrate having device isolation regions 31, the 
25 gate electrode 17 is formed via the gate insulation film 14 which 
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is a silicon oxide film having a thickness of about 1 to 6 nm. 
On the siclewall of the gate electrode 17, a charge holding film 
32 which is a silicon nitride film having a thickness of about 20 
to 100 nm is formed. The form of the charge holding film is not 
limited to this embodiment but is various as described above. 
On the sidewalls of the charge holding film 32, further, 
sidewalls 26 and 27 made of polysilicon are formed. Into the 
surface of the wells 1 1 immediately under the sidewalls 26 and 
27, an N-type impurity is soaked, thereby forming N-type 
regions 28 and 29, respectively. The sidewall 26 and the 
N-type region 28 are integrated to constitute a first diffusion 
region. Similarly, the siclewall 27 and the N-type region 29 
constitute a second diffusion region. The surface of the device 
isolation region 31 is covered with a silicon nitride film 30. 

Portions in which charges are actually accumulated or 
trapped to hold storage in the semiconductor storage device are 
the regions 23 and 24 in the charge holding films 32. 

In the semiconductor storage device, the diffusion region 
has a risen structure made of polysilicon, so that it is very easy 
to realize a shallow junction. Therefore, a short channel effect 
can be suppressed extremely effectively and scale-down of the 
device can be achieved. 

Although not shown, a margin at the time of providing a 
contact in the diffusion region can be made smaller as compared 
with the case where the risen structure is not provided. 
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Therefore, the junction area between the diffusion region and 
the well can be made considerably small and the junction 
capacitance can be reduced. Thus, high-speed operation can 
be achieved and power consumption can be suppressed. 
5 Further, when the semiconductor storage device is 

operated at a voltage which is low to the degree that writing is 
not performed, a logic circuit can be constituted as a normal 
field effect transistor realizing lower power consumption, higher 
speed operation, and scale-down. That is, a device having a 

10 common structure can be used as a device as a component of a 
logic circuit and a device as a component of a memory circuit. 
Therefore, the process of forming both a logic circuit and a 
memory circuit can be much simplified. 

A forming method of the semiconductor storage device will 

15 be described with reference to FIG. 21 and FIG. 22. 

First, as shown in FIG. 21(a), the P-type well 1 1 is formed 
in the semiconductor substrate and, subsequently, the device 
isolation regions 31 are formed by using, for example, STI 
method. On the obtained well 11, the gate insulation film 14 

20 which is a silicon oxide film having a thickness of about 1 to 6 

nm is formed. After that, a polysilicon film which will become a 
gate electrode and" an insulation film 55 are deposited in this 
order. After that, by using a resist pattern in a predetermined 
shape as a mask, the polysilicon film and the insulation film 55 

25 are patterned. Alternately, it is also possible to pattern only 



the insulation film 55 by using the resist pattern as a mask, 
remove the resist pattern and, after that, etch the polysilicon 
film by using the insulation film 55 as a mask. By the above 
operation, the gate electrode 17 having a cap formed by the 
insulation film 55 is formed. 

As shown in FIG. 21(b), a silicon nitride film 58 is 
deposited on the whole surface of the obtained semiconductor 
substrate, and the device isolation regions 31 are masked with a 
resist pattern 56. 

Subsequently, as shown in FIG. 21(c), by using the resist 
pattern 56 as a mask, the silicon nitride film 58 is etched back, 
thereby forming the charge holding film 32 by the silicon nitride 
film on the siclewalls of the gate electrode 17 and the insulation 
film 55 and leaving the silicon nitride film 30 on the device 
isolation regions 31. The silicon nitride film 30 protects the 
semiconductor substrate and the device isolation regions 31 in 
an etching process to be performed later. Particularly, it is 
important in an etch back process for forming the siclewalls 26 
and 27 by polysilicon, an etching process for removing the 
insulation film 55, and an etching process for forming a contact 
hole in the diffusion region, which will be described later. 

As shown in FIG. 22(d), a polysilicon film 57 is deposited 
on the whole surface of the obtained semiconductor substrate. 

Next, the polysilicon film 57 is etched back until the 
insulation film 55 is exposed. At this time, preferably, a part of 



the polysilicon film 57 extends onto the silicon nitride film 30 

and completely covers the device isolation regions 31. 

After that, as shown in FIG. 22(e), the insulation film 55 

is removed by isotropic etching. At the time of etching, the 
5 silicon nitride film 30 serves as a stopper so that the device 

isolation regions 31 can be prevented from being over-etched. 

Subsequently, a resist pattern of a predetermined shape is used 

as a mask and a part of the polysilicon film 57 is removed by 

anisotropic etching, thereby forming the sidewalls 26 and 27 
10 which are separated from each other. When an impurity is 

implanted into the sidewalls 26 and 27, each of the sidewalls 26 

and 27 constitutes a diffusion region (source or drain region). 

Next, impurity ions are implanted into the gate electrode 

17 and the sidewalls 26 and 27 and annealing for activating the 
15 impurity is performed. The impurity ions are diffused into the 

well 11 to form the regions 28 and 29 which become integrated 

with the sidewalls 26 and 27, respectively, thereby forming 

diffusion regions. 

According to the semiconductor storage device, while 
20 realizing storage of two bits per one transistor, a short channel 

effect is extremely suppressed and scale-down can be realized. 

In addition, both higher-speed operation and lower power 

consumption can be achieved. 

Further, the semiconductor storage device can be used as 
25 it is as a transistor serving as a component in a logic circuit. 



Consequently, the process of forming both a logic circuit and a 
memory circuit can be simplified very much. 

In addition, by solid phase diffusing the impurity ions 
injected in the sidewalls 26 and 27 into the well 11, a junction 
having a sharp profile between the source/ drain regions and the 
well region can be formed. Specifically, a sharp profile junction 
can be formed by the source/drain regions having an impurity 
concentration of 1020 C m"3 Q r higher and the well having an 
impurity concentration of 10 18 cm~3 0 r higher. A drain 
withstand voltage when IV is applied to the gate electrode can 
be set to 3V or less. Consequently, only by setting the gate 
electrode to 3V, one of the N-type source and drain regions and 
the well to the GND, and the other one of the N-type source and 
drain regions to 3V, electrons can be injected into the charge 
holding film in the vicinity of the source/drain region which is 
set to 3V. In contrast, only by setting -2V to the gate electrode, 
one of the N-type source/drain regions to GND, the well to 0.8V 
(a voltage almost equal to a built-in potential of a PN junction or 
a voltage slightly higher than the built-in potential of the PN 
junction), and the other N-type source/drain region to 3V, holes 
can be injected to the charge holding film in the vicinity of the 
source/drain regions which are set to 3V. As described above, 
by designing the junction between the source/drain regions and 
the well region to have a sharp profile, the drain withstand 
voltage can be set to be low. By the effect, a write/erase 

58 



voltage can be set to be low. 

EMBODIMENT 14 

A new writing/erasing method of the semiconductor 
5 storage device of the present invention will be described. 

In the writing/ erasing method, as will be described below, 
electric field between a bit line and a word line is used. 
Consequently, for example, the structure of Embodiment 13 is 
effective, but the method can be also applied to the structures of 

10 the other embodiments. In this case, by providing a word line 
connected to a gate electrode or having the function of the gate 
electrode itself and a bit line connected to the source/ drain 
region so as to cross each other, a strong electric field can be 
applied only to a selected charge holding film. 

15 A selected bit line is set to a reference potential (for 

example, 0V). In this case, +VDD is applied to a selected word 
line, +2/3VDD is applied to a not-selected bit line, and 
+ 1/3VDD is applied to a not-selected word line. By the 
application, an electric field difference VDD is applied to a 

20 charge holding film having the selected word line and the 

selected bit line as counter electrodes, and the electric field 
difference 1/3VDD is applied to all of the other charge holding 
films. When the charge holding film in which writing/erasing 
can be performed with the electric field difference VDD and 

25 writing/ erasing does not occur with the electric field difference 
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1/3VDD is used, random-access writing/erasing can be realized. 
In this method, writing/ erasing is performed directly with 
tunnel current, so that writing/ erasing can be performed with 
low current and it produces an effect of realizing low power 
consumption. 

A large-scale integrated memory using a bulk substrate is 
constituted by, as shown in FIGS. 23(a) and 23(b), a first 
conductivity type well region 1901 formed in a semiconductor 
substrate (the semiconductor substrate surface), a gate 
insulation film 1902 formed on the well region 1901, a plurality 
of word lines 1903 formed on the gate insulation film, a 
plurality of second conductivity type diffusion regions 1905 
formed on both sides of the plurality of word lines 1903, a 
charge holding film 1904 formed on, at least, a part of the 
15 diffusion regions or a part of the well region and a part of the 
diffusion regions on both sides of the plurality of word lines on 
the word line, well region and diffusion region directly or via an 
insulation film, and having the function of accumulating or 
trapping charges, and a plurality of bit lines (not shown) 
connected to the plurality of diffusion regions and extending in 
the direction which crosses the word lines. In FIG. 23(a), 
reference numeral 1910 denotes a device isolation region. FIG. 
23(b) is a sectional view taken along line A-A' of FIG. 23(a). 
Preferably, the charge holding film 1904 is sandwiched between 
a terminal (which may be a bit line itself) 1907 connecting a bit 
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line (not shown) and the second condtictivity type diffusion 
region (source/ drain region) 1905 and the word line (gate 
electrode) 1903. In this case, by applying an electric field 
directly across the gate electrode and the terminal, electrons or 
5 holes can be injected or moved between selected two nodes. As 
compared with injection of hot electrons or hot holes, 
writing/erasing efficiency can be further improved. 

In the case where memory cells are not provided at high 
density as shown in FIG. 23, an interlayer insulation film is 
10 interposed between the terminal 1907 for connecting the second 
conductivity type diffusion region (source/ drain region) 1905 
and the charge holding film 1904. As the writing/ erasing 
method in this case, the method of Embodiment 6 is used more 
preferably than the method described in Embodiment 14. 

15 

EMBODIMENT 15 

In a semiconductor storage device of Embodiment 15, 
each of memory functional elements 161 and 162 is constituted 
by a region for holding charges (a region for storing charges, 

20 which may be a film having the function of holding charges) and 
a region which suppresses escape of charges (which may be a 
film having the function of suppressing escape of charges). ' For 
example, as shown in FIG. 24, each of the memory functional 
elements has an ONO structure. Specifically, a silicon nitride 

25 film 142 is sandwiched between a silicon oxide film 14 1 and a 
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silicon oxide film 143, thereby constituting the memory 
functional elements 161 and 162. Herein, the silicon nitride 
film has the function of holding charges. The silicon oxide 
films 141 and 143 play the role of a film having the function of 
suppressing escape of charges accumulated in the silicon nitride 
film. 

The regions (silicon nitride film 142) for holding charges 
in the memory functional elements 161 and 162 overlap with 
diffusion regions 112 and 113, respectively. Overlap denotes 
herein that at least a part of the region (silicon nitride film 142) 
for holding charges exists over the region of at least a part of 
the diffusion regions 112 and 113. Reference numeral 111 
denotes a semiconductor substrate, reference numeral 114 
denotes a gate insulation film, reference numeral 117 denotes a 
gate electrode, and reference numeral 171 denotes an offset 
region (between the gate electrode and the diffusion region). 
Although not shown, the uppermost surface portion of the 
semiconductor substrate 111 under the gate insulation film 114 
is a channel region. 

An effect produced by overlap between the region 142 for 
holding charges and the diffusion regions 112 and 113 in the 
memory functional elements 161 and 162 will be described. 

FIG. 25 is an enlarged view of a portion around the 
memory functional element 162 on the right side in FIG. 24. 
Wl denotes an offset amount between the gate electrode 114 
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and the diffusion region 113. W2 denotes the width of the 
memory functional element 162 in a cutting plane in the 
channel length direction of the gate electrode. Since an end on 
the side far from the gate electrode 117 of the silicon nitride film 
5 142 in the memory functional element 162 coincides with the 
end of the memory functional element 162 on the side far from 
the gate electrode 117, the width of the memory functional 
element 162 is defined as W2. The amount of overlap between 
the memory functional element 162 and the diffusion region 113 

10 is expressed as W2 - Wl. Particularly, it is important that the 
silicon nitride film 142 in the memory functional element 162 
overlaps with the diffusion region 113, that is, the relation of 
W2 > Wl is satisfied. 

As shown in FIG. 26, in the case where an end on the side 

15 far from the gate electrode of a silicon nitride film 142a in a 

memory functional element 162a does not coincide with the end 
of the memory functional element 162a on the side far from the 
gate electrode, it is sufficient to define W2 as a width from the 
end of the gate electrode to the end far from the gate electrode 

20 of the silicon nitride film 142a. 

FIG. 27 shows a drain current Id when, in the structure ■ 
of FIG. 25, the width W2 of the memory functional element 162 
is fixed to 100 nm and the offset amount Wl is changed. 
Herein, the drain current is obtained by device simulation on 

25 assumption that the memory functional element 162 is in an 



erased state (where holes are accumulated} and the diffusion 
regions 112 and 113 serve as a source electrode and a drain 
electrode. 

As obvious from FIG. 27, when Wl is 100 nm or more 
(that is, the silicon nitride film 142 and the diffusion region 113 
do not overlap with each other), the drain current rapidly 
decreases. Since the drain current value is almost proportional 
to reading operation speed, when Wl is 100 nm or more, the 
performance of the memory rapidly deteriorates. On the other 
hand, in the range in which the silicon nitride film 142 and the 
diffusion region 133 overlap with each other, decrease in the 
drain current is gentle. Therefore, it is preferable that at least 
a part of the silicon nitride him 142 as a film having the 
function of holding charges and the source/drain regions 
overlap with each other. 

In consideration of the result of the above device 
simulation, memory cell arrays were fabricated by fixing W2 to 
100 nm and setting Wl to 60 nm and 100 nm as design values. 
In the case where Wl is 60 nm, the silicon nitride film 142 and 
the diffusion regions 112 and 113 overlap with each other by 40 
nm as a design value. In the case where Wl is 100 nm, there 
is no overlap as a design value. Read time of the memory cell 
arrays were measured. As a result, worst cases considering 
variations were compared with each other. Read access time of 
the memory cell array fabricated by setting Wl to 60 nm as a 
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design value is 100 times as fast as that of the other case. In 
practice, the read access time is preferably 100 nano seconds or 
less per one bit. It was however found that when Wl = W2, the 
condition cannot be achieved at all. In the case where 
manufacture variations are also considered, it was found that 
W2 - Wl > 10 nm is more preferable. 

Preferably, information stored in the memory functional 
element 161 (region 181) is read out by, in a manner similar to 
Embodiment 6, setting the diffusion region 112 as a source 
electrode, setting the diffusion region 113 as a drain region, and 
forming a pinch-off point on the side close to the drain region in 
the channel region. Specifically, at the time of reading 
information stored in one of two memory functional elements, it 
is preferable to form the pinch-off point in a region close to the 
other memory functional element in the channel region. With 
the configuration, irrespective of the storage state of the 
memory functional element 162, stored information in the 
memory functional element 161 can be detected with high 
sensitivity, and it is a big factor to enable 2-bit operation. 

On the other hand, in the case of storing information only 
one of two memory functional elements or in the case where two 
memory functional elements are used in the same storage state, 
it is not always necessary to form a pinch-off point at the time 
of reading. 

Although not shown in FIG. 24, it is preferable" to form a 
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well region (a P-type well in the case of an N-channel device) in 
the surface of the semiconductor substrate 111. By forming 
the well region, while optimizing the impurity concentration of 
the channel region for memory operations (rewriting operation 
and reading operation), the other electric characteristics 
(withstand voltage, junction capacitance, and short-channel 
effect) can be easily controlled. 

From the viewpoint of improving the retention 
characteristic of the memory, preferably, the memory functional 
element includes a charge holding film having the function of 
holding charges and an insulation film. In the embodiment, 
the silicon nitride film 142 having a level of trapping charges is 
used as the charge holding film, and the silicon oxide films 141 
and 143 having the function of preventing dissipation of charges 
accumulated in the charge holding film are used as the 
insulation films. When the memory functional element 
includes the charge holding film and the insulation film, 
dissipation of charges is prevented and the retention 
characteristic can be improved. Further, as compared with the 
case where the memory functional element is constituted only 
by the charge holding film, the volume of the charge holding film 
can be properly reduced. By properly reducing the volume of 
the charge holding film, movement of charges in the charge 
holding film is limited, so that occurrence of a change in the 
characteristics by movement of charges during storage holding 
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can be suppressed. 

The memory functional element preferably includes a 
charge holding film which is disposed almost in parallel with the 
surface of the gate insulation film, in other words, the top face 
5 of the charge holding film in the memory functional element is 
positioned in an equal distance from the top face of the gate 
- insulation film. Concretely, as shown in FIG. 28, the charge 
holding film 142a of the memory functional element 162 has a 
face almost parallel with the surface of the gate insulation film 

10 114. In other words, it is preferable that a charge holding film 
142a is formed so that its level is the same as that of the 
surface of the gate insulation film 114. By existence of the 
charge holding film 142a almost parallel with the surface of the 
gate insulation film 1 14 in the memory functional element 162, 

15 it can be efficiently controlled that an inversion layer is formed 
in the offset region 171 in accordance with the amount of 
charges accumulated in the charge holding film 142a and, 
moreover, the memory effect can be increased. By setting the 
charge holding film 142a almost parallel with the surface of the 

20 gate insulation film 114, even in the case where the offset 

amount (Wl) various, a change in the memory effect can be kept 
relatively small and variations in the memory effect can be 
suppressed. Moreover, movement of charges to the upper part 
of the charge holding film 142a is suppressed, and occurrence of 

25 a change in characteristics by movement of charges during 
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storage holding can be suppressed. 

Further, the memory functional element 162 preferably 
includes an insulation film (for example, a portion above the 
offset region 171 in the silicon oxide film 144) which partitions 
between the charge holding film 142a almost parallel with the 
surface of the gate insulation film 114 and a channel region (or 
a well region). By the insulation film, dissipation of charges 
accumulated in the charge holding film is suppressed. A 
semiconductor storage device having a better retention 
characteristic can be obtained. 

By controlling the thickness of the charge holding film 
142a and controlling the thickness of the insulation film (the 
portion above the offset region 171 in the silicon oxide film 144) 
under the charge holding film 142a to be constant, the distance 
from the surface of the semiconductor substrate to a charge 
accumulated in the charge holding film can be maintained to be 
almost constant. Specifically, the distance from the surface of 
the semiconductor substrate to charges accumulated in the 
charge holding film can be controlled to be in a range from the 
minimum thickness value of the insulation film under the 
charge holding film 142a to a sum of the maximum film 
thickness value of the insulation film under the charge holding 
film 142a and the maximum film thickness value of the charge 
holding film 142a. Consequently, the density of electric line of 
force generated by the charges accumulated in the charge 
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holding film 142a can be almost controlled, and variations in 
the memory effects of the memory device can be reduced very 
much. 

5 EMBODIMENT 16 

In Embodiment 16, the charge holding film 142 in the 
memory functional element 162 has an almost even thickness, 
disposed almost parallel with the surface of the gate insulation 
film 114 (arrow 181) and, further, has a shape disposed almost 

10 parallel with the side face of the gate electrode 1 17 (arrow 182) 
as shown in FIG. 29. 

In the case where a positive voltage is applied to the gate 
electrode 117, an electric line of force in the memory functional 
element 162 passes through the silicon nitride film 142 twice as 

15 shown by an arrow 183 (the portions indicated by the' arrows 
182 and 181). When a negative voltage is applied to the gate 
electrode 117, the direction of the electric line of force is 
reversed. Herein, the dielectric constant of the silicon nitride 
film 142 is about 6 and that of the silicon oxide films 141 and 

20 143 is about 4. Therefore, the effective dielectric constant of 
the memory functional element 162 in the direction of the 
electric line 183 of force becomes higher than that in the case 
where only the charge holding film shown by the arrow 181 
exists, and the potential difference at both ends of the electric 

25 line of force can be further reduced. Specifically, a large 



portion of the voltage applied to the gate electrode 117 is used 
to enhance the electric field in the offset region 171. 

The reason why charges are injected into the silicon 
nitride film 142 in the rewriting operation is because the 
generated charges are attracted by the electric field in the offset 
region 171. Therefore, by including the charge holding film 
indicated by the arrow 182, in the rewriting operation, charges 
injected into the memory functional element 162 increase and 
rewriting speed increases. 

In the case where the portion of the silicon oxide film 143 
is also a silicon nitride film, that is, the level of the charge 
holding film is not uniform with the height of the surface of the 
gate insulation film 114, upward movement of charges in the 
silicon nitride film becomes conspicuous and the retention 
characteristic deteriorates. 

More preferably, in place of the silicon nitride film, the 
charge holding film is made of a high dielectric such as hafnium 
oxide having very high dielectric constant. 

Further, the memory functional element preferably 
includes an insulation film (the portion above the offset region 
171 in the silicon oxide film 141) which partitions between the 
charge holding film almost parallel with the surface of the gate 
insulation film and a channel region (or a well region). By the 
insulation film, dissipation of charges accumulated in the 
charge holding film is suppressed and the retention 
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characteristic can be further improved. 

Further, the memory functional element preferably 
includes an insulation film (the portion in contact with the gate 
electrode 117 in the silicon oxide film 141) which partitions 
5 between the gate electrode and the charge holding film 

extending in the direction almost parallel with the side face of 
the gate electrode. By the insulation film, the electric 
characteristics can be prevented from being changed by 
injection of charges from the gate electrode to the charge 
10 holding film, and reliability of the semiconductor storage device 
can be improved. 

Further, in a manner similar to Embodiment 15, it is 
preferable to control the thickness of the insulation film under 
the charge holding film 142 (the portion above the offset region 
15 171 in the silicon oxide film 141) to be constant and to control 
the thickness of the insulation film disposed on the side face of 
the gate electrode (the portion in contact with the gate electrode 
117 in the silicon oxide film 141) to be constant. Thus, the 
density of the electric line of force generated by the charges 
20 accumulated in the charge holding film 142 can be mostly 
controlled and charge leak can be prevented. 

EMBODIMENT 17 

Embodiment 17 relates to optimization of the distances 
25 among the gate electrode, the memory functional element and 
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the source/drain regions. 

As shown in FIG. 30, symbol A denotes length of the gate 
electrode in a cut plane in the channel length direction. 
Symbol B denotes distance (channel length) between the source 

5 and drain regions. Symbol C indicates distance from an end of 
one of memory functional elements to an end of the other 
memory functional element, specifically, distance between an 
end (on the side far from the gate electrode) of a film having the 
function of holding charges in one of memory functional 

0 elements in a cut plane in the channel length direction and an 
end (on the side far from the gate electrode) of a film having the 
function of holding charges in the other memory functional 
element. 

First, it is preferable that B < C. Between the portion 
» under the gate electrode 1 17 in the channel region and the 

source/drain regions 112 and 113, the offset regions 171 exist. 
Since B < C, by charges accumulated in the memory functional 
elements 161 and 162 (silicon nitride film 142), easiness of 
inversion in the whole offset region 171 is effectively fluctuated. 
Therefore, the memory effect increases and, particularly, higher 
speed of the reading operation is realized. 

In the case where the gate electrode 117 and the 
source/drain regions 112 and 113 are offset from each other, 
that is, when the relation of A < B is satisfied, easiness of 
inversion of the offset region when a voltage is applied to the 
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gate electrode largely changes according to the amount of 
charges accumulated in the memory functional element, the 
memory effect increases, and the short channel effect can be 
reduced. As long as the memory effect appears, the offset 
5 region 171 does not always have to exist. Also in the case 
where the offset region 171 does not exist, if the impurity 
concentration in the source/drain regions 112 and 113 is 
sufficiently low, the memory effect can appear in the memory 
functional elements 161 and 162 (silicon nitride film 142). 
10 Therefore, A < B < C is the most preferable. 



EMBODIMENT 18 

A semiconductor storage device of Embodiment 18 has a 
' configuration substantially the same as that in Embodiment 15 
15 except that the semiconductor substrate is replaced with an SOI 
substrate as shown in FIG. 31. 

In the semiconductor storage device, a buried oxide film 
183 is formed on a semiconductor substrate 181 and, further, 
an SOI layer is formed on the buried oxide film 183. In the SOI 
20 layer, the diffusion regions 112 and 1 13 are formed and the 
other region serves as a body region 182. 

The semiconductor storage device also produces effects 
similar to those of the semiconductor storage device of 
Embodiment 15. Further, the junction capacitance between 
25 the diffusion regions 112 and 113 and the body region 182 can 



be considerably reduced, so that higher speed of the device and 
lower power consumption can be realized. 

EMBODIMENT 19 

A semiconductor storage device of Embodiment 19 has, as 
shown in FIG. 32, substantially the same configuration as that 
in Embodiment 15 except that a P-type high-concentration 
region 191 is additionally provided adjacent to the channel sides 
of the N-type source/drain regions 112 and 113. 

Specifically, the concentration of a P-type impurity (for 
example, boron) in the P-type high-concentration region 191 is 
higher than that in a region 192. Proper concentration of the 
P-type impurity in the P-type high-concentration region 191 is, 
for example, about 5 x 10 17 to 1 x 10 19 cm~3. The concentration 
of the P-type impurity in the region 192 can be set to, for 
example, 5 x 10 16 to 1 x 10 18 cm~3. 

As described above, by providing the P-type 
high-concentration region 191, the junctions between the 
diffusion regions 112 and 113 and the semiconductor substrate 
111 becomes sharp just below the memory functional elements 
161 and 162. Consequently, hot carriers are easily generated 
in the writing and erasing operations, voltages in the writing 
and erasing operations are dropped, or the writing and erasing 
operations can be performed at higher speed. Further, since 
the concentration of the impurity in the region 192 is relatively 
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low, when the memory in the erased state, a threshold is low, 
and the drain current is large. Consequently, reading speed is 
increased. Therefore, the semiconductor storage device 
realizing a low rewriting voltage, high-rewriting speed, and high 
5 reading speed can be obtained. 

By providing the P-type high-concentration regions 191 in 
the vicinity of the source/drain regions and below the memory 
functional elements (that is, not immediately below the gate 
electrode) in FIG. 32, the threshold of the whole transistor 

10 considerably increases. The degree of increase is much higher 
than that in the case where the P-type high-concentration region 
191 is provided immediately below the gate electrode. When 
write charges (electrons in the case where the transistor is of 
the N-channel type) are accumulated in the memory functional 

15 element, the difference becomes larger. On the other hand, 

when sufficient erase charges (positive holes in the case where 
the transistor is of the N-channel type) are accumulated in the 
memory functional element, the threshold of the whole 
transistor decreases to a threshold determined by the impurity 

20 concentration of the channel region (region 192) under the gate 
electrode. To be specific, the threshold at the time of erase 
does not depend on the impurity concentration of the P-type 
high-concentration region 191. On the other hand, the 
threshold at the time of writing is largely influenced by the 

25 impurity concentration. Therefore, by disposing the P-type. 



high-concentration region 191 under the memory functional 
element and in the vicinity of the source/drain regions, only the 
threshold at the time of writing largely fluctuates, and a memory 
effect (the difference between the threshold at the time of 
writing and the threshold at the time of erasing) can be 
considerably increased. 

EMBODIMENT 20 

A semiconductor storage device of Embodiment 20 has, as 
shown in FIG. 33, a configuration substantially the same as that 
in Embodiment 15 except that the thickness (Tl) of the 
insulation film which partitions between the charge holding film 
(silicon nitride film 142) and the channel region or well region is 
thinner than the thickness (T2) of the gate insulation film. 

There is a lower limit value in the thickness T2 of the gate 
insulation film 114 due to a demand for withstand voltage in an. 
operation of rewriting the memory. However, the thickness Tl 
of the insulation film can be made smaller than T2 irrespective 
of the demand for withstand voltage. By reducing Tl, injection 
of charges to the memory functional element is facilitated, the 
voltage in the writing operation and the erasing operation is 
dropped or the writing and erasing operations can be performed 
at higher speed. Since an amount of charges induced by the 
channel or well region increases when charges are accumulated 
in the silicon nitride film 142, the memory effect can be 

76 



increased. 

Therefore, by satisfying Tl < T2, without deteriorating the 
withstand voltage performance of the memory, the voltage in the 
writing and erasing operations can be decreased or the writing 
5 and erasing operations can be performed at higher speed and, 
further, the memory effect can be increased. 

The thickness Tl of the insulation film is more preferably 
0.8 nm or higher which allows the consistency in the 
manufacturing process and a predetermined level of the film 
10 quality maintained and which is as a limit to prevent an extreme 
deteriorate of the retention characteristics. 

EMBODIMENT 21 

A semiconductor storage device of Embodiment 21 has, as 

15 shown in FIG. 34, a configuration which is substantially the 

same as that of Embodiment 15 except that the thickness (Tl) of 
the insulation film partitioning between the charge holding film 
(silicon nitride film 142) and the channel region or well region is 
larger than the thickness (T2) of the gate insulation film. 

20 There is an upper limit value for the thickness T2 of the 

gate insulation film 114 clue to demand for preventing the short 
channel effect of the device. However, irrespective of the 
demand for preventing the short channel effect, the thickness 
Tl of the insulation film can be set to be larger than T2. By 

25 making Tl thicker, dissipation of charges accumulated in the 



memory functional element is prevented and the memory 
retention characteristic can be improved. 

Therefore, by setting Tl > T2, without deteriorating the 
short channel effect of the memory, the retention characteristic 
can be improved. 

The thickness Tl of the insulation film is preferably 20 
nm or less in consideration of decrease in rewriting speed. 

EMBODIMENT 22 

FIG. 35 shows a portable telephone as a portable 
electronic apparatus in which the above-described 
semiconductor storage device is assembled. 

The portable telephone is constituted mainly by a control 
circuit 211, a battery 212, an RF (Radio Frequency) circuit 213, 
a display 214, an antenna 215, a signal line 216, a power 
source line 217 and the like. In the control circuit 211, the 
above-described semiconductor storage device of the present 
invention is assembled. The control circuit 211 is preferably 
an integrated circuit in which devices having the same structure 
as described in Embodiment 10 are used as a memory circuit 
device and a logic circuit device. With the configuration, 
manufacture of the integrated circuit is facilitated, and the 
manufacturing cost of the portable electronic apparatus can be 
particularly reduced. 

As described above, by using the semiconductor storage 
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device capable of storing two bits per one transistor, which can 
be easily formed finely, for a portable electronic apparatus, the 
function and operating speed of the portable electronic 
apparatus are improved and the manufacturing cost can be 
5 reduced. 

The semiconductor storage device of the present invention 
is constituted either mainly by a first conductivity type region 
and a second conductivity type region as diffusion regions, a 
memory functional element disposed across the boundary of the 

10 first and second conductivity type regions, and an electrode 

provided via an insulation film, or mainly by a gate insulation 
film, a gate electrode formed on the gate insulation film, memory 
functional elements formed on both sides of the gate electrode, 
source/drain regions (diffusion regions) each disposed on the 

15 side opposite to the gate electrode of the memory functional 
element, and a channel region disposed under the gate 
electrode. 

The semiconductor storage device functions as a memory 
device for storing information of four or more values by storing 
20 binary or more information in a single charge holding film and 
also functions as a memory cell having both the function of a 
selection transistor and the function of a memory transistor by 
a variable resistance effect produced by the memory functional 
elements. 

25 The semiconductor device of the present invention is 
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preferably formed on the semiconductor substrate, preferably, 
on the first conductivity type well region formed in the 
semiconductor substrate. 

The semiconductor substrate is not particularly limited as 
long as it can be used for a semiconductor device, and an 
example thereof includes a bulk substrate made of an element 
semiconductor such as silicon or germanium or a compound 
semiconductor such as silicon germanium, GaAs, InGaAs, ZnSe 
or GaN. As a substrate having a semiconductor layer on its 
surface, any of various substrates such as an SOI (Silicon on 
Insulator) substrate and a multilayer SOI substrate and a glass 
or plastic substrate on which a semiconductor layer is formed 
may be used. Particularly, a silicon substrate, an SOI 
substrate on which a silicon layer is formed, and the like are 
preferable. Although depending on the amount of current 
flowing therein, the semiconductor substrate or semiconductor 
layer may be single crystal (obtained by, for example, epitaxial 
growth), polycrystal, or amorphous. 

Preferably, a device isolation region is formed on the 
semiconductor substrate or semiconductor layer. Further, the 
device may be formed by a single or multilayer structure 
obtained by combining elements such as a transistor, a 
capacitor and a resistor, circuits formed by the elements, a 
semiconductor device, and an interlayer insulation film. The 
device isolation region can be formed by any of various device 
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isolation films such as an LOCOS film, a trench oxide film and 
an STI film. The semiconductor substrate may be of a P-type or 
N-type conductivity type. In the semiconductor substrate, 
preferably, at least one first conductivity type (P-type or N-type) 
5 well region is formed. An impurity concentration of the 

semiconductor substrate and the well region can be set within a 
range which is known in the art. In the case of using an SOI 
substrate as the semiconductor substrate, a well region may be 
formed in a surface semiconductor layer or a body region may 

10 be provided under a channel region. 

The gate insulation film or insulation film is not 
particularly limited as long as it is usually used for a 
semiconductor device. For example, a single layer or a 
lamination film of, an insulation film such as a silicon oxide film 

15 or a silicon nitride film, or a high-dielectric-constant film such 
as an aluminum oxide film, a titanium oxide film, a tantalum 
oxide film or a hafnium oxide film can be used. Particularly, a 
silicon oxide film is preferable. Proper thickness of the gate 
insulation film is, for example, about 1 to 20 nm and, preferably, 

20 about 1 to 6 nm. The gate insulation film may be formed only 
under the gate electrode or formed larger (wider) than the gate 
electrode. 

The gate electrode or electrode is formed on the gate 
insulation film in a shape which is usually used for a 
25 semiconductor device or a shape in which a recess is provided in 



a lower end portion. The single gate electrode denotes a gate 
electrode formed in an integral shape which is not separated by 
one or more conductive films as a gate electrode. The gate 
electrode may have a sidewall insulation film on its sidewall. 
The gate electrode is not particularly limited as long as it is 
usually used for a semiconductor device, which may be formed 
by a conductive film made of, for example, a single film or a 
lamination film of, polysilicon, a metal such as copper or 
aluminum, or a refractory metal such as tungsten, titanium or 
tantalum, or silicide of a refractory film or the like. Proper 
thickness of the gate electrode is, for example, about 50 to 400 
nm. Under the gate electrode, the channel region is formed. 

The memory functional element includes a film or region 
having at least the function of holding charges, or accumulating 
and holding charges, or the function of trapping charges or 
holding a charge polarized state. Examples of having the 
functions include silicon nitride, silicon, silicate glass 
containing impurity such as phosphorus or boron, silicon 
carbide, alumina, a high dielectric such as hafnium oxide, 
zirconium oxide or tantalum oxide, zinc oxide, ferroelectric, a 
metal and the like. The memory functional element can be 
formed by, for example a single layer or a lamination layer of: an 
insulation film including a silicon nitride film; an insulation film 
having therein a conductive film or a semiconductor layer; an 
insulation film having therein one or more dots made of a 
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conductor or a semiconductor; or an insulation film including a 
ferroelectric film in which internal charges are polarized by an 
electric field and its state is held. Among them, the silicon 
nitride film is preferable because it can obtain a large hysteresis 
5 characteristic since a number of levels of trapping charges exist, 
charge retention time is long, a retention characteristic is good 
since a problem such as charge leakage caused by occurrence of 
a leak path does not occur, and the materials are used normally 
in an LSI process. 

10 By using the insulation film including therein an 

insulation film having the charge holding function such as a 
silicon nitride film as a memory functional element, the 
reliability of holding storage can be increased. Since the 
silicon nitride film is an insulator, even if a leak of charges 

15 occurs in a part thereof, the charges of the whole silicon nitride 
film are not lost immediately. In order to further increase the 
reliability, the insulation film having the function of holding 
charges is not necessarily in a film shape. Preferably, 
insulators having the function of holding charges exist 

20 discretely in an insulation film. Concretely, it is preferable 
that the insulators in the form of clots be spread in a material 
which does not easily hold charges such as a silicon oxide. 

By using the insulation film including therein a 
conductive film or a semiconductor layer as the memory 

25 functional element, an injection amount of charges into the 



conductor or semiconductor can be freely controlled, so that an 
effect of realizing multiple values is produced. 

Further, by using an insulator film including one or more 
dots made of a conductor or semiconductor as the memory 
functional element, writing and erasing is easily performed by 
charge direct tunneling, so that an effect of lower power 
consumption is obtained. 

As the memory functional element, a ferroelectric film 
made of PZT, PLZT or the like in which a polarization direction 
changes according to an electric field may be used. In this 
case, in the surface of the ferroelectric film, charges are 
substantially generated by polarization and the state is held. 
Therefore, a hysteresis characteristic similar to that of a film for 
trapping charges supplied from the outside of a film on which 
the memory function is provided can be obtained. In addition, 
charge holding of the ferroelectric film does not require injection 
of charges from the outside and a hysteresis characteristic can 
be obtained only by polarization of the charges in the film. 
Thus, an effect that writing and erasing can be performed at 
high speed is produced. 

Consequently, it is preferable that the memory functional 
element further include a region which suppresses escape of 
charges or a film having the function of suppressing escape of 
charges. Examples of a film having the function of suppressing 
escape of charges include a silicon oxide film and the like. 
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The charge holding film included in the memory 
functional element is formed on both sides of the gate electrode 
directly or via an insulation film and is disposed on the 
semiconductor substrate (the well region, body region or 
5 source/ drain region, or diffusion region) directly or via a gate 
insulation film or an insulation film. Preferably, the charge 
holding films on both sides of the gate electrode are formed so 
as to cover all of or a part of the sidewall of the gate electrode 
directly or via the insulation film. As an example of application, 

10 in the case where the gate electrode has a recess in its lower 
end portion, the charge holding film may be formed so as to 
completely or partly bury the recess directly or via an insulation 
film. In this case, however, the manufacturing process is 
complicated. Consequently, from the industrial viewpoint, 

15 preferably, the memory functional element covers only the 

sidewalls of the gate electrode and the gate electrode does not 
cover the top portion of the memory functional element. In the 
case of using a conductive film as the charge holding film, it is 
preferable to dispose the conductive film via the insulation film 

20 so that the charge holding film is not in direct contact with the 
semiconductor substrate (well region, body region or 
source/drain region, or diffusion region) or the gate electrode. 
For example, a lamination structure of a conductive film and an 
insulation film, a structure in which a conductive film is 

25 dispersed in the form of dots in the insulation film, a structure 



in which the conductive film is disposed in a part of a sidewall 
insulation film formed on the sidewalls of the gate, and the like 
can be employed. 

The diffusion region or source/ drain region is disposed, 
5 as a diffusion region of a conductivity type different from that of 
the semiconductor substrate or well region, on the side opposite 
to the gate electrode of the charge holding film. In the junction 
between the source/drain region and the semiconductor 
substrate, the memory functional element or the well region, the 
0 impurity concentration is preferably sharp. This is because hot 
electrons or hot holes are generated efficiently at low voltage, so 
that operation can be performed at higher speed with a lower 
voltage. The junction depth of the source/drain regions is not 
particularly limited but can be properly adjusted in accordance 
) with the performances of a semiconductor storage device to be 
obtained. In the case of using an SOI substrate as a 
semiconductor substrate, the source/drain regions may have a 
junction depth smaller than the thickness of a surface 
semiconductor layer. However, preferably, the source/drain 
regions have a junction depth which is almost the same as the 
thickness of the surface semiconductor layer. 

The source/drain region may be disposed so as to overlap 
with an end of the gate electrode, so as to be aligned with an 
end of the gate electrode, or so as to be offset from an end of the 
gate electrode. Particularly, in the case where the 
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source/ drain region is offset from an end of the gate electrode, 
it is preferable since easiness of inversion of an offset region 
under the charge holding film when voltage is applied to the 
gate electrode largely changes according to an amount of 
5 charges accumulated in the memory functional element, a 
memory effect is increased, and a short channel effect is 
reduced. However, when the source/ drain region is offset too 
much, drive current between the source and drain decreases 
considerably. Therefore, it is preferable that the offset amount, 

10 that is, distance between ends of the gate electrodes to a nearer 
source/drain region in the gate length direction be shorter than 
the thickness of the charge holding film in the direction parallel 
with the gate length direction. It is particularly important that 
at least a part of the charge accumulation region in the memory 

15 functional element overlaps with a part of the source/ drain 

region as a diffusion region. This is because the essence of the 
memory of the present invention is to rewrite stored information 
by an electric field across the memory functional element in 
accordance with the voltage difference between the gate 

20 electrode existing only in the sidewall portion of the memory 
functional element and the source/drain region. 

A part of the source/ drain region may be extended at a 
level higher than the surface of the channel region, that is, the 
lower face of the gate insulation film. In this case, it is proper 

25 to laminate a conductive film integrated with the source/drain 



region on a source/ drain region formed in the semiconductor 
substrate. The conductive film is preferably made of a 
semiconductor such as polysilicon or amorphous silicon, silicide, 
the above metals, and refractory metals, and the like. Among 
them, polysilicon is preferred. The impurity diffusion speed of 
polysilicon is much higher than that of the semiconductor 
substrate, so that it is easy to make the junction of the 
source/ drain regions in the semiconductor substrate shallow 
and a short channel effect is easily suppressed. In this case, it 
is preferable to dispose a part of the source/drain regions so as 
to sandwich at least a part of the memory functional element 
together with the gate electrode. 

The semiconductor storage device of the present invention 
can be formed by, for example, a method similar to a method of 
forming a sidewall spacer having a single-layered or 
lamination-layered structure on a sidewall of the gate electrode 
by a normal semiconductor process. Concrete methods are: a 
method of forming a gate electrode or an electrode, after that, 
forming a single-layered film or lamination-layered film 
including a charge holding film such as a charge holding film, 
charge holding film/insulation film, insulation film/charge 
holding film, insulation film/charge holding film/insulation film, 
or the like and etching back the film under proper conditions, 
thereby leaving the film in a sidewall spacer shape; a method of 
forming an insulation film or charge holding film, etching back 
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the film under proper conditions so as to be left in a sidewall 
spacer shape, further forming a charge holding film or 
insulation film, and similarly etching back the film so as to be 
left in a sidewall spacer shape; a method of dispersing particles 
5 of a charge holding material into an insulation film material, 
applying or depositing the resultant material onto a 
semiconductor substrate including a gate electrode, and etching 
back the insulation film material under proper conditions so as 
to be left in a sidewall spacer shape; and a method of forming a 

10 gate electrode, after that, forming the single-layered film or 
lamination-layered film, and patterning the film with a mask. 
There is also provided a method of forming a charge holding film, 
charge holding film/ insulation film, insulation film /charge 
holding film, insulation film/charge holding film/insulation film, 

15 or the like before formation of a gate electrode or an electrode, 
forming an opening in a region which becomes a channel region 
in the film, forming a gate electrode material film on the whole 
surface, and patterning the gate electrode material film in a 
shape including an opening and larger than the opening. 

20 A semiconductor storage device of the present invention 

can be used for a portable electronic apparatus driven on a 
battery and, particularly, a portable information terminal. 
Examples of the portable electronic apparatus include a portable 
information terminal, a portable telephone, a game apparatus 

25 and the like. 
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According to the present invention, in contrast to a 
memory cell of an MRAM as prior art which is constituted by 
two devices, a memory cell can be constituted by substantially 
one device, so that further scale-down and high-integration can 
be realized. 

The configuration of one device is simple. A device can 
be constituted by: a first conductivity type region formed in a 
semiconductor layer; a second conductivity type region adjacent 
to the first conductivity type region; a memory functional 
element disposed across the boundary of the first and second 
conductivity type regions in the surface of the semiconductor 
layer; and an electrode provided in contact with the memory 
functional element and on the first conductivity type region via 
an insulation film. Thus, further reduction in size of an 
occupied area can be achieved and reading speed of the 
semiconductor storage device can be improved. 

Further, the device has: a first conductivity type region 
formed in a semiconductor layer; two second conductivity type 
regions adjacent to the first conductivity type region; two 
memory functional elements each disposed across the boundary 
of the first and second conductivity type regions in the surface 
of the semiconductor layer; and an electrode provided in contact 
with each of the memory functional elements and on the first 
conductivity type region via an insulation film. Thus, reading 
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speed of the semiconductor storage device can be improved and 
high-integration can be improved. 

In the case of storing information of two or more bits by 
accumulating charges independently in each of the two memory 
5 functional elements, the device area per one bit can be reduced. 
Thus, manufacturing cost of the semiconductor storage device 
can be reduced. 

According to another aspect, by providing: a channel 
region; variable resistance regions provided on both sides of the 
10 channel region; diffusion regions provided on both sides of the 
channel region via the variable resistance regions; a gate 
electrode provided on the channel region via a gate insulation 
film; and two memory functional elements disposed on both 
sides of the gate electrode each across the variable resistance 
15 region and a part of the diffusion region, reading operation 
speed of the semiconductor storage device can be improved. 

At the time of reading out information stored in one of the 
two memory functional elements, a pinch-off point is formed in 
a region close to the other memory functional element in the 
20 channel region. Irrespective of the storage state of the other 
memory functional element, stored information of the one of 
memory functional elements can be detected with high 
sensitivity. This is a big factor which enables 2-bit operation. 
Further, the memory functional elements are disposed, 
25 not under the gate electrode but, on both sides of the gate 



electrode. Consequently, it is unnecessary to make the gate 
insulation film function as a memory functional element, and 
the gate insulation film can be used simply only for the function 
of the gate insulation film separately from the memory 
functional element. Designing according to a scaling rule of an 
LSI can be made. Therefore, it is unnecessary to insert a 
floating gate between a channel and a control gate unlike a flash 
memory and, further, it is unnecessary to employ an ONO film 
having the memory function by the gate insulation film* Thus, 
the gate insulation film according to scale-down can be 
employed, an influence of the electric field of the gate electrode 
on a channel increases, and a semiconductor storage device 
having a memory function and resistive to a short channel effect 
can be realized. Therefore, the scale-down can be achieved, 
high-integration can be improved, and an inexpensive 
semiconductor storage device can be provided. 

Since the functions of a conventional selection transistor 
and a memory cell transistor can be achieved by providing only 
one word line connected to a gate electrode or having the 
function itself of the gate electrode necessary for one memory 
cell, further high-integration of the semiconductor storage 
device can be realized. 

Further, by detecting the amount of charges in the 
memory functional element on the basis of a change in the 
amount of current flowing from one of the source/drain regions 
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to the other source /drain region, a slight change in charges in 
the memory functional element can be determined as a large 
current difference. 

When the resistance value of the variable resistance part 
positioned below the memory functional element changes 
according to an amount of charges in the charge memory 
functional element and the presence/absence of charges in the 
memory functional element is detected by a change in an 
amount of current flowing from one of source/ drain regions to 
the other source/ drain region, a slight change in the charges in 
the memory functional element can be determined as a large 
current difference. 

Further, the structure in which a single gate electrode is 
sandwiched between two memory functional elements formed on 
both sides of the signal gate electrode per one memory cell 
changes a charge amount of the memory functional element, so 
that the number of electrodes can be minimized. Therefore, the 
memory cell occupation area can be reduced. 

The number of electrodes necessary for a detection 
method of detecting an amount of charges in each of two 
memory functional elements on the basis of a change in an 
amount of current flowing from one of source/ drain regions to 
the other source /drain region in a structure in which a single 
gate electrode is sandwiched between two memory functional 
elements formed on both sides of the gate electrode, per one 
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memory ceil, that is, a detection method capable of determining 
a slight change in charges as a large current difference is 
minimized. Therefore, the memory cell occupation area can be 
reduced. 

Further, the number of electrodes necessary for a 
detection method of changing a resistance value of a variable 
resistance part positioned under each of two memory functional 
elements formed on both sides of a single gate electrode while 
sandwiching the single gate electrode per one memory cell in 
accordance with the presence/ absence of charges in the memory 
functional element and detecting an amount of charges in the 
memory functional element on the basis of a change in an 
amount of current flowing from one of source/ drain regions to 
the other source/drain region, that is, a detection method 
capable of determining a slight change in charges as a large 
current difference is minimized. Therefore, the memory cell 
occupation area can be reduced. 

The minimum terminals necessary for a memory cell, 
capable of selecting one memory cell from a plurality of memory 
cells and performing writing, erasing, and reading are 
constituted by one terminal connected to the semiconductor 
substrate, the well region or the semiconductor layer disposed 
on the insulation film, two terminals connected to source/drain 
regions, and one terminal connected to the gate electrode. 
Therefore, one memory cell can be constituted by the smallest 
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number of terminals. 

Further, in an operating method of performing either 
reading, writing or erasing a memory cell by applying only four 
kinds of voltages: a voltage applied to the substrate, the well 
5 region or the semiconductor layer disposed on the insulator; a 
voltage applied to the single gate electrode; and voltages 
respectively applied to the two source/drain electrodes, a 
memory cell can be operated with the smallest number of nodes. 
Since a gate electrode sidewall insulation film formed on 
10 both sides of the single gate electrode functions as memory 
functional elements, it is facilitated to form both a circuit 
constituted by a logic transistor and a memory storage device. 

Further, at least a part of the gate electrode sidewall 
insulation film having the function of holding charges overlap 
15 with the source/ drain region, so that decrease in read current is 
suppressed. Therefore, the reading operation speed of the 
semiconductor storage device can be increased. 

By a single semiconductor storage device, 2-bit 
information can be stored. Moreover, the memory functional 
20 elements disposed on both sides of one gate electrode are 

completely isolated from each other by the gate electrode. Thus, 
electric interference between the memory functional elements 
can be avoided, so that the semiconductor storage device for 
storing information of multiple values can be realized while 
25 realizing further scale-clown. 



In addition, the semiconductor .storage device of the 
present invention can be used as it is as a transistor 
constituting a logic circuit. A process of forming both a logic 
circuit and a memory circuit can be therefore made very easy. 

When a part of the source/ drain region is extended at a 
level higher than the surface of the channel region or the lower 
face of the gate insulation film, and at least a part of the 
memory functional element is sandwiched between the gate 
electrode and a part of the source/drain region, a shallower 
junction of the source/ drain regions can be realized and a sharp 
impurity concentration profile in the junction portion can be 
realized. Therefore, the short channel effect can be suppressed 
extremely effectively, further scale-down of the device can be 
realized, the drain withstand voltage can be decreased, and a 
write/erase voltage by injection of electrons or holes can be 
reduced. 

By sandwiching the memory functional element by the 
gate electrode and the source/drain region, an electric field can 
be directly applied across the gate electrode and the 
source/ drain region and injection of electrons or holes and 
movement of electrons and holes can be performed between 
selected two nodes. Consequently, the writing/ erasing 
efficiency can be improved as compared with injection of hot 
electrons or hot holes. 

In the case where the source/drain region is disposed so 
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as to be offset from an end of the gate- electrode, parasitic 
resistance in the offset region under the memory functional 
element when a voltage is applied to the gate electrode can be 
largely changed according to an amount of charges accumulated 
5 in the memory functional element. Thus, the memory effect 
can be increased. 

In the present invention, when the source/drain regions 
are made of an N-type semiconductor, one of the source/ drain 
regions is set to a reference voltage, and the other source/ drain 

10 region and the gate electrode are set to a voltage higher than the 
reference voltage, or one of the source/drain regions is set to a 
reference voltage, the other diffusion region is set to a voltage 
higher than the reference voltage, and the gate electrode is set 
to a voltage lower than the reference voltage, that is, only 

15 relative potentials of three electrodes are set, thereby enabling 
electrons or holes to be selectively injected into the memory 
functional element. Consequently, the number of electrodes 
per memory cell in the semiconductor storage device can be 
reduced and further reduction in size of the cell area can be 

20 realized. 

Similarly, in the case where the source/drain regions are 
made of a P-type semiconductor, one of the source/drain 
regions is set to a reference voltage, and the other source/ drain 
region and the gate electrode are set to a voltage lower than the 
25 reference voltage, or one of the source/drain regions is set to a 
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reference voltage, the other source/ drain region is set to a 
voltage lower than the reference voltage, and the gate electrode 
is set to a voltage higher than the reference voltage, thereby 
enabling holes or electrons to be selectively injected into the 
memory functional element. Thus, further reduction in the cell 
area can be. realized. 

In the case where a charge holding film is formed on the 
well region or the diffusion region at both ends of the gate 
electrode directly or via an insulation film, an inversion layer 
can be controlled in accordance with an amount of charges in 
the charge holding film. Therefore, a large hysteresis (change 
in threshold) can be obtained, and a semiconductor storage 
device of excellent characteristics can be obtained. 

In the case where the semiconductor substrate is an SOI 
substrate having a surface semiconductor layer, and the first 
conductivity type well region is formed as a body region in the 
surface semiconductor layer, the junction capacitance between 
the diffusion region and the body region can be reduced 
considerably, so that higher speed of the device and lower power 
consumption can be realized. 

■ In the case where the charge holding film is in contact 
with the diffusion region and/ or the well region or the body 
region via the insulation film in the vicinity of an end of the gate 
electrode, leakage of held charges can be suppressed. Thus, 
the charge retention characteristic can be improved. 
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When a lower end portion of the gate electrode has a 
recess, and at least a part of the charge holding film is buried in 
the recess directly or via an insulation film, at least a part of 
the charge holding film is covered with the gate electrode, so 
5 that efficiency of injecting hot carries can be improved 

particularly at the time of erasing. Thus, higher-speed erasing 
operation can be realized. 

When the gate electrode has a sidewall insulation film on 
a sidewall, and a part of the sidewall insulation film is formed 

10 as a charge holding film, by performing ion implantation for 

forming a diffusion region with the sidewall insulation film as a 
mask, control on the position of an end of the diffusion region is 
facilitated. Therefore, while preventing the diffusion region 
from reaching a portion below the gate electrode, a region in 

15 which the well region or body region is in contact with the 
charge holding film directly or via the insulation film can be 
formed. Therefore, the semiconductor storage device having 
excellent characteristics can be obtained. 

According to a manufacturing method of a semiconductor 

20 storage device of the present invention, a semiconductor storage 
device realizing high-performance and high-integration can be 
manufactured by simple processes. 

When the well region or body region of the semiconductor 
device of the present invention has a P-type conductivity type, 

25 one of the diffusion regions is set to a reference voltage, the gate 



electrode is set to a voltage lower tharf the reference voltage, the 
well region or body region is set to a voltage higher than the 
reference voltage, and the other diffusion region is set to a 
voltage higher than the voltage of the well region or body region, 
thereby passing current in the forward direction from the P-type 
well region or body region to the diffusion region fixed to the 
reference voltage. Consequently, even in the case where only a 
voltage difference which is insufficient to generate hot holes by 
interband tunnel is applied in the junction between the P-type 
well region or body region and the other diffusion region, hot 
holes can be generated by electrons injected from the diffusion 
region fixed to the reference voltage to the well region or body 
region. Therefore, an effect of injecting holes into the memory 
functional element adjacent to the other diffusion region is 
increased, and the voltage at the time of hole injecting operation 
can be decreased. 

In the case where the well region or body region of the 
semiconductor device of the present invention has an N-type 
conductivity type, current in the forward direction flows from 
the N-type well region or body region to the diffusion region 
fixed to the reference voltage. Consequently, even in the case 
where only a voltage difference which is insufficient to generate 
hot electrons by interband tunnel is applied in the junction 
between the well region or body region and the other diffusion 
region, hot electrons can be generated by holes injected from the 

100 



diffusion region fixed to the reference-voltage to the well region 
or body region. Therefore, an effect of injecting electrons into 
the memory functional element adjacent to the other diffusion 
region is increased, and the voltage at the time of electron 
5 injecting operation can be decreased. 

The above-described memory functional element is formed 
by a single-layered or multi-layered structure such as a film 
having the function of accumulating or trapping charges or 
holding a charge polarized state, which is for example, an 

10 insulation film including a silicon nitride film, an insulation film 
including therein a conductor film or semiconductor film, or an 
insulation film including one or more dots made of conductor or 
semiconductor. In the case of the insulation film including the 
silicon nitride film, a number of levels for trapping charges 

15 exists, so that a large hysteresis characteristic can be obtained. 
Since the charge retention time is long and a problem of charge 
leakage due to generation of a leak path does not occur, the 
retention characteristics are excellent. Further, since the 
material is a material which is normally used in an LSI process, 

20 there is an effect that the memory functional element can be 

easily introduced to a mass production factory. In the case of 
the insulation film including therein a conductive film or 
semiconductor layer, an injection amount of charges into the 
conductor or semiconductor can be freely controlled, so that an 

25 effect of realizing multiple values is produced. In the case of 
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the insulation film including one or more dots made of a 
conductor or semiconductor, writing and erasing is easily 
performed by charge direct tunneling, so that an effect of lower 
power consumption is obtained. Further, as an embodiment of 
5 the charge holding film, a ferroelectric film made of PZT, PLZT 
or the like in which a polarization direction changes according 
to an electric field may be used. In this case, in the surface of 
the ferroelectric film, charges are substantially generated by 
polarization and its state is held. Therefore, a hysteresis 
characteristic similar to that of a film for trapping charges 
supplied from the outside of a film on which the memory 
function is provided can be obtained. In addition, charge 
holding of the ferroelectric film does not require injection of 
charges from the outside and a hysteresis characteristic can be 
obtained only by polarization of the charges in the film. Thus, 
an effect that writing and erasing can be performed at high 
speed is produced. 

Since the memory functional element includes the film 
having the function of holding charges and at least a part of the 
film having the function of holding charges overlap with the 
source/drain region, decrease in read current is suppressed. 
Therefore, the reading operation speed of the semiconductor 
storage device can be increased. 

Further, in the case where the gate insulation film, the 
gate electrode and the memory functional element are formed on 
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the semiconductor layer made by an SOI layer, the junction 
capacitance between the diffusion region and the body region 
can be reduced considerably, and higher speed of the device and 
lower power consumption can be realized. 
5 In the case of using the semiconductor layer including the 

well region, while optimizing the impurity concentration 
immediately below the gate insulation film to memory operations 
(rewriting operation and reading operation), control of the other 
electric characteristics (withstand voltage, junction capacitance 

10 and short channel effect) is facilitated. 

Further, when the memory functional element includes 
the charge holding film having the function of holding charges 
and the insulation film, dissipation of charges is prevented and 
the retention characteristic can be improved. As compared 

15 with the case where the memory functional element is 

constituted only by the charge holding film, the volume of the 
charge holding film can be properly reduced. By properly 
reducing the volume of the charge holding film, movement of 
charges in the charge holding film is limited and occurrence of a 

20 characteristic change due to movement of charges during 

storage holding can be suppressed. Therefore, the retention 
characteristic of the memory can be improved. By providing 
the charge holding film almost parallel with the surface of the 
gate insulation film in the memory functional element, easiness 

25 of formation of an inversion layer in an offset region according 
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to an amount of charges accttmulated-in the charge holding film 
can be effectively controlled. Consequently, the memory effect 
can be increased. Since the charge holding film is disposed 
almost parallel with the surface of the gate insulation film, even 
when the offset amount varies, a change in the memory effect 
can be held relatively small. Thus, variations in the memory 
effect can be suppressed. Further, since the charge holding 
film is a film disposed almost parallel with the surface of the 
gate insulation film, upward movement of charges is suppressed. 
Therefore, occurrence of a characteristic change by movement of 
charges during storage holding can be suppressed. Therefore, 
a semiconductor storage device producing a high memory effect, 
with small variations, and having an excellent retention 
characteristic can be obtained. 

In the case where the memory functional element further 
includes the charge holding film extended almost parallel with a 
side face of the gate electrode, the rewriting speed can be 
increased while preventing deterioration in the retention 
characteristic of the semiconductor storage device. 

Further, in the case where the insulation film which 
partitions between the gate electrode and the charge holding 
film extending almost parallel with a side face of the gate 
electrode is included, movement of charges between the charge 
holding film extending almost parallel with a side face of the 
gate electrode and the gate electrode can be suppressed. 
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Therefore, reliability of the semiconductor storage device can be 
increased. 

Further, in the case where the insulation film which 
partitions between the charge holding film extending almost 
5 parallel with the gate insulation film surface and the channel 
region or the semiconductor layer is included, dissipation of 
charges accumulated in the charge holding film almost parallel 
with the surface of the gate insulation film is suppressed. 
Thus, the semiconductor storage device having a better 

10 retention characteristic can be obtained. 

In the case where the insulation film partitioning between 
the charge holding film and the channel region or the 
semiconductor layer is thinner than the gate insulation film, 
without deteriorating the withstand voltage performance of the 

15 memory, the voltage of the writing and erasing operations can 
be decreased or the writing and erasing operations can be 
performed at higher speed, and the memory effect can be 
increased. 

In the case where the insulation film partitioning between 
20 the charge holding film and the channel region or the 

semiconductor layer is thicker than the gate insulation film, 
without deteriorating the short channel effect of the memory, 
the retention characteristic can be improved. 

Further, the first conductivity type semiconductor layer 
25 has a region having concentration of the impurity which gives 
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the first conduction type, higher than^that of a portion in the 
vicinity of the surface of the first conductivity type 
semiconductor layer under the gate electrode, below the memory 
functional element and in the vicinity of the source/ drain region 
Consequently, the junction between the diffusion region and the 
semiconductor layer is sharp immediately under the memory 
functional element. Therefore, hot carries are easily generated 
in the writing and erasing operations, voltages of the writing 
and erasing operations decrease or the writing operation and 
erasing operation can be performed at high speed. Further, 
since the impurity concentration immediately below the gate 
insulating film is relatively low, the threshold when the memory 
is in an erase state is low and the drain current is large. 
Consequently, reading speed improves. Thus, the 
semiconductor storage device having a low rewriting voltage or 
high rewriting speed and high reading speed can be obtained. 

When a length of the gate electrode in a cut plane in a 
channel length direction is A, a channel length between the 
source/drain regions is B, and a distance from an end of one of 
the memory functional elements to an end of the other memory 
functional element is C, a relation of A < B < C is satisfied. 
Consequently, increase in the memory effect, increase in speed 
of reading operation, and reduction in the short channel effect 
are realizedv 

Further, in the case where each of the source/ drain 
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regions disposed on the side opposite -to the gate electrode of the 
memory functional element are of the N type (P type), magnitude 
of a voltage applied to one of the source/ drain regions and 
magnitude of a voltage applied to the other region are reversed 
between the time of changing a storage state by injecting 
electrons (holes) into the memory functional element and the 
time of reading the storage state of the memory functional 
element. Consequently, the storage state of a desired memory 
functional element can be detected with high sensitivity. 
Further, resistance to read disturbance is improved. 

By providing a portable electronic apparatus with the 
semiconductor storage device of the invention, the function and 
operation speed can be improved. As the manufacturing cost is 
reduced, an inexpensive portable electronic apparatus can be 
obtained. 
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CLAIMS • 

1. A semiconductor storage device comprising: a first 
conductivity type region formed in a semiconductor layer; a 
second conductivity type region formed in the semiconductor 
5 layer in contact with the first conductivity type region; a 
memory functional element disposed on said semiconductor 
layer across the boundary of said first and second conductivity 
type regions; and an electrode provided in contact with the 
memory functional element and on the first conductivity type 

0 region via an insulation film. 

2. A semiconductor storage device comprising: a first 
conductivity type region formed in a semiconductor layer; two 
second conductivity type regions formed on both sides of the 

1 first conductivity type region in the semiconductor layer; two 
memory functional elements each disposed on said 
semiconductor layer across the boundaries of said first and 
second conductivity type regions; and electrodes provided in 
contact with each of the memory functional elements and on the 
first conductivity type region via an insulation film. 

3. The semiconductor storage device according to claim 
2, wherein charges are accumulated independently in each of 
the two memory functional elements, thereby storing 
information of two bits or more. 
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4. A semiconductor storage device comprising: a channel 
region formed in a semiconductor layer; variable resistance 
regions provided on both sides of the channel region; two 

5 diffusion regions provided on both sides of the channel region 
via the variable resistance regions; a gate electrode provided on 
the channel region via a gate insulation film; and two memory 
functional elements disposed on both sides of the gate electrode 
each across the variable resistance regions and a part of the 

10 diffusion regions. 

5. The semiconductor storage device according to claim 
4, wherein the variable resistance region is set to be of a 
conductivity type different from a conductivity type of the 

15 diffusion region. 

6. The semiconductor storage device according to claim 
4, wherein a pinch-off point is formed in a region close to one of 
the memory functional elements in the channel region, thereby 

20 reading out information stored in the other memory functional 
element. 

7. A semiconductor storage device comprising: a gate 
electrode formed on a semiconductor layer via a gate insulation 

25 film; a channel region provided under the gate electrode; 
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diffusion regions provided on both sides of the channel region 
and having a conductivity type different from the conductivity 
type of the channel region; and memory functional elements, for 
holding charges, formed on both sides of the gate electrode so as 
to overlap with said diffusion regions. 

8. A semiconductor storage device comprising at least 
one memory cell including: a semiconductor layer disposed on a 
semiconductor substrate or a well region or an insulator 
provided in the semiconductor substrate; a single gate electrode 
formed on the semiconductor substrate or the semiconductor 
layer via a gate insulation film; a channel region provided under 
the gate electrode; two diffusion regions formed on both sides of 
the channel region; and two memory functional elements formed 
on both sides of said gate electrode so as to overlap with said 
diffusion regions. 

9. The semiconductor storage device according to claim 
7 or 8, wherein the memory functional element changes at least 
resistance of the diffusion region positioned under said memory 
functional element to thereby change an amount of current 
flowing from one of the diffusion regions to the other diffusion 
region by applying a voltage to the gate electrode in accordance 
with the amount of charges held in said memory functional 
element. 



10. The semiconductor storage device according to claim 
7 or 8, wherein the memory functional element depletes at least 
a part of the diffusion region positioned under the memory 

5 functional element or inverts the conductivity type in 

accordance with the amount of charges held in said memory 
functional element. 

11. The semiconductor storage device according to claim 
10 8, wherein one memory cell is constituted by only four 

terminals: one terminal connected to the semiconductor 
substrate or the well region provided in the semiconductor 
substrate or the semiconductor layer disposed on the insulator; 
two terminals connected to the two diffusion regions; and one 
15 terminal connected to the gate electrode. 

12. The semiconductor storage device according to claim 
8, wherein any of reading, writing or erasing operation on one 
memory cell is performed by application of only four kinds of 

20 voltages: a voltage applied to the semiconductor substrate or the 
well region provided in the semiconductor substrate or said 
semiconductor layer disposed on insulator; a voltage applied to 
the gate electrode; and voltages respectively applied to the two 
diffusion regions. 

25 
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13. A semiconductor storage device comprising at least 
one memory cell including: a semiconductor layer disposed on a 
semiconductor substrate or a well region or an insulator 
provided in the semiconductor substrate; a gate insulation film 
formed on the semiconductor layer which is disposed on the 
semiconductor substrate or the well region or insulator provided 
in the semiconductor substrate; a single gate electrode formed 
on the gate insulation film; a channel region provided just below 
the gate electrode; two diffusion regions provided on both sides 
of the channel region; and sidewall insulation films formed on 
both sides of said gate electrode so as to overlap with the 
diffusion regions, wherein 

said sidewall insulation films have the function of holding 
charges. 

14. The semiconductor storage device according to claim 
13, wherein the sidewall insulation film depletes at least a part 
of the diffusion region positioned below said sidewall insulation 
film or inverts the conductivity type in accordance with an 
amount of charges held in said sidewall insulation film. 

15. The semiconductor storage device according to any 
of claims 4 to 14, wherein information of four values is stored 
per one memory cell by the two memory functional elements. 
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16. The semiconductor storage device according to any 
of claims 4 to 15, wherein a part of the diffusion region is 
extended at a level higher than the surface of the channel region, 
and at least a part of the memory functional element is 

5 sandwiched between the gate electrode and a part of said 
diffusion region. 

17. The semiconductor storage device according to any 
of claims 4 to 15, wherein an electrode wiring terminal is 

10 connected to the diffusion region, and at least a part of the 
memory functional element is sandwiched between the gate 
electrode and a part of the electrode wiring terminal connected 
to said diffusion region. 

15 18. The semiconductor storage device according to any 

of claims 4 to 17, wherein the diffusion region is disposed so as 
to be offset from an end of the gate electrode. 

19. The semiconductor storage device according to any 
20 of claims 4 to 17, wherein the diffusion region is disposed so as 

to overlap with the gate electrode or so that an end portion of 
the diffusion region is aligned with an end of the gate terminal. 

20. The semiconductor storage device according to any 
25 of claims 4 to 19, wherein the diffusion regions are made of an 
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N-type semiconductor, one of the diffusion regions is set to a 
reference voltage, and the other diffusion region and the gate 
electrode are set to a voltage higher than the reference voltage, 
thereby enabling electrons to be injected into the memory 
functional element. 

21. The semiconductor storage device according to any 
of claims 4 to 19, wherein the diffusion regions are made of an 
N-type semiconductor, one of the diffusion regions is set to a 
reference voltage, the other diffusion region is set to a voltage 
higher than the reference voltage, and the gate electrode is set 
to a voltage lower than the reference voltage, thereby enabling 
holes to be injected into the memory functional element. 

22. The semiconductor storage device according to any 
of claims 4 to 19, wherein the diffusion regions are made of a 
P-type semiconductor, one of the diffusion regions is set to a 
reference voltage, and the other diffusion region and the gate 
electrode are set to a voltage lower than the reference voltage, 
thereby enabling holes to be injected into the memory functional 
element. 

23. The semiconductor storage device according to any 
of claims 4 to 19, wherein the diffusion regions are made of a 
P-type semiconductor, one of the diffusion regions is set to a 
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reference voltage, the other diffusion -region is set to a voltage 
lower than the reference voltage, and the gate electrode is set to 
a voltage higher than the reference voltage, thereby enabling 
electrons to be injected into the memory functional element. 

5 

24. A semiconductor storage device comprising: 
a semiconductor substrate; 

a first conductivity type well region formed in the 
semiconductor substrate; 
10 a gate insulation film formed on the well region; 

a plurality of word lines formed on the gate insulation 

film; 

a plurality of second conductivity type diffusion regions 
formed on both sides of each of the word lines; charge holding 

15 films having the function of accumulating or trapping charges, 
formed on both sides of said plurality of word lines on said word 
lines, said well region and said diffusion regions directly or via 
an insulation film on at least a part of the diffusion region or so 
as to extend on a part of said well region to a part of the 

20 diffusion region; and 

a plurality of bit lines connected to said diffusion regions 
and extending in a direction which crosses said word lines. 

25. The semiconductor storage device according to claim 
25 24, wherein the semiconductor substrate is an SOI substrate 
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having a surface semiconductor layer,, and the first conductivity 
type well region is formed as a body region in said surface 
semiconductor layer. 

26 The semiconductor storage device according to claim 
24 or 25, wherein the charge holding film is in contact with the 
diffusion region and/or the well region or the body region via 
the insulation film in the vicinity of an end of the word line. 

27. The semiconductor storage device according to any 
of claims 24 to 26, wherein a lower end portion of the word line 
has a recess, and at least a part of the charge holding film is 
buried in said recess directly or via an insulation film. 

28. The semiconductor storage device according to any 
of claims 24 to 27, wherein the word line has a sidewall 
insulation film on a sidewall, and a part of the sidewall 
insulation film is formed as a charge holding film. 

29. The semiconductor storage device according to any 
of claims 24 to 28, wherein a part of the diffusion region is 
extended at a level higher than the under face of the gate 
insulation film and at least a part of the charge holding film is 
sandwiched between the word line and a part of said diffusion 

25 region. 
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30. The semiconductor storage device according to any 
of claims 1 to 29, wherein the memory functional element or the 
sidewall insulation film is a film having the function of 

5 accumulating or trapping charges or the function of holding a 
charge polarized state, which is an insulator film including a 
silicon nitride film; an insulator film having therein a conductor 
film or a semiconductor layer; an insulator film having therein 
one or more dots made of a conductor or a semiconductor; or a 

10 single layer or a lamination layer of an insulator film including a 
ferroelectric film in which internal charges are polarized by an 
electric field and its state is held. 

31. A semiconductor storage device comprising: a gate 
electrode formed on a semiconductor layer via a gate insulation 
film; memory functional elements formed on both sides of the 
gate electrode and having the function of holding charges; two 
diffusion regions each disposed on the side opposite to said gate 
electrode of said memory functional elements; and a channel 
region disposed under said gate electrode, wherein 

said memory functional element includes a film having 
the function of holding charges, and at least a part of the film 
having the function of holding charges is formed so as to overlap 
with a part of said diffusion region. 
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32. The semiconductor storage device according to claim 
31, wherein the semiconductor layer is an SOI layer. 



33. The semiconductor storage device according to claim 
31 or 32, wherein the semiconductor layer includes a well 
region. 

34. The semiconductor storage device according to any 
of claims 31 to 33, wherein the memory functional element 
includes a charge holding film having the function of holding 
charges and an insulation film. 

35. The semiconductor storage device according to any 
of claims 31 to 34, wherein the memory functional element 
includes a charge holding film having a surface almost parallel 
with the surface of the gate insulation film. 

36. The semiconductor storage device according to claim 

35, wherein the memory functional element includes a charge 
holding film extended almost in parallel with a side face of the 
gate electrode. 

37. The semiconductor storage device according to claim 

36, wherein the memory functional element further includes an 
insulation film which partitions between the gate electrode and 
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the charge holding film extended almost in parallel with the side 
face of the gate electrode. 
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38. The semiconductor storage device according to any 
of claims 35 to 37, wherein said memory functional element 
further includes an insulation film which partitions between the 
charge holding film having a surface almost parallel with the 
surface of the gate insulation film and the channel region or the 
semiconductor layer. 



39. The semiconductor storage device according to claim 
38, wherein the thickness of the insulation film which partitions 
between the charge holding film and the channel region or 
semiconductor layer is smaller than the thickness of the gate 

15 insulation film and is 0.8 nm or larger. 

40. The semiconductor storage device according to claim 
38, wherein the thickness of the insulation film which partitions 
between the charge holding film and the channel region or 

20 semiconductor layer is larger than the thickness of the gate 
insulation film and is 20 nm or less. 

41. A semiconductor storage device comprising: a first 
conductivity type semiconductor layer; a gate insulation film 

25 formed on the first conductivity type semiconductor layer; a gate 
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electrode formed on the gate insulation film; memory functional 
elements formed on both sides of the gate electrode and having 
the function of holding charges; and two second conductivity 
type diffusion regions each disposed on the side opposite to said 
5 gate electrode of the memory functional elements, wherein 

said memory functional element includes a film having 
the function of holding charges, at least a part of the film having 
the function of holding charges overlaps with at least a part of 
the diffusion region, and 
0 said first conductivity type semiconductor layer has a 

first conductivity type high-concentration region having a 
concentration higher than that of a portion in the vicinity of the 
surface of the first conductivity type semiconductor layer under 
said gate electrode, under said memory functional element and 
5 in the vicinity of said diffusion region. 

42. A semiconductor storage device comprising: a gate 
insulation film; a gate electrode formed on the gate insulation 
film; memory functional elements formed on both sides of the 
gate electrode and having the function of holding charges; two 
diffusion regions each disposed on the side opposite to said gate 
electrode of the memory functional elements; and a channel 
region disposed under said gate electrode, wherein 

when a length of said gate electrode in a channel length 
direction is A, a channel length between said diffusion regions is 
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B, and a distance from an end of one of said memory functional 
elements to an end of the other memory functional element is C, 
a relation of A < B < C is satisfied. 



5 43. A semiconductor storage device comprising: a gate 

insulation film; a gate electrode formed on the gate insulation 
film; memory functional elements formed on both sides of the 
gate electrode and having the function of holding charges; two 
N-type diffusion regions each disposed on the side opposite to 

10 said gate electrode of the memory functional elements; and a 
channel region disposed under said gate electrode, wherein 

magnitude of a voltage applied to one of said diffusion 
regions and magnitude of a voltage applied to the other diffusion 
region are reversed between the time of changing a storage state 

15 by injecting electrons into said memory functional element and 
the time of reading out the storage state of the memory 
functional element. 

44. A semiconductor storage device comprising: a gate 
20 insulation film; a gate electrode formed on the gate insulation 
film; memory functional elements formed on both sides of the 
gate electrode and having the function of holding charges; two 
P-type diffusion regions each disposed on the side opposite to 
said gate electrode of the memory functional elements; and a 
25 channel region disposed under said gate electrode, wherein 
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magnitude of a voltage applied to one of said source and 
drain regions and magnitude of a voltage applied to the other 
region are reversed between the time of changing a storage state 
by injecting holes into said memory functional element and the 
time of reading out the storage state of the memory functional 
element. 

45. A manufacturing method of the semiconductor 
storage device according to claim 28, comprising the steps of: 
forming a gate insulation film and a gate electrode on a 
semiconductor substrate; depositing an insulation film having 
the function of accumulating or trapping charges on the whole 
surface of the obtained substrate; and forming a sidewall 
insulation film on a sidewall of the gate electrode by selectively 
etching the insulation film. 

46. An operating method of a semiconductor storage 
device comprising: a single gate electrode formed on a P-type 
semiconductor layer disposed on a P-type semiconductor 
substrate, a P-type well region formed in the semiconductor 
substrate, or an insulator; a channel region disposed under the 
single gate electrode; two N-type source/drain regions 
positioned on both sides of the channel region; and a memory 
functional element existing in the vicinity of the source/drain 
regions, wherein 
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one of the source/ drain regions is set to a reference 
voltage, said gate electrode is set to a voltage lower than the 
reference voltage, said semiconductor layer formed on said 
semiconductor substrate, said well region formed in the 
5 semiconductor substrate, or the insulator is set to a voltage 
higher than the reference voltage, and the other source/ drain 
region is set to a voltage higher than said semiconductor layer 
formed on said semiconductor substrate, said well region formed 
in the semiconductor substrate, or said insulator, thereby 
10 injecting holes into said memory functional element. 

47. An operating method of a semiconductor storage 
device comprising: a single gate electrode formed on an N-type 
semiconductor layer disposed on an N-type semiconductor 

15 substrate, an N-type well region formed in the semiconductor 
substrate, or an insulator; a channel region under the single 
gate electrode; two P-type source/drain regions positioned on 
both sides of the channel region; and a memory functional 
element existing in the vicinity of the source/ drain regions, 

20 wherein 

one of the source/drain regions is set to a reference 
voltage, said gate electrode is set to a voltage higher than the 
reference voltage, said semiconductor layer disposed on said 
semiconductor substrate, said well region formed in the 
25 semiconductor substrate, or the insulator is set to a voltage 
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lower than the reference voltage, and the other source/ drain 
region is set to a voltage lower than said semiconductor layer 
disposed on said semiconductor substrate, said well region 
formed in the semiconductor substrate, or the insulator, thereby 
injecting electrons into said memory functional element. 

48. An operating method of the semiconductor storage 
device according to claim 46 or 47, wherein a memory functional 
element or a sidewall insulation film is a film having the 
function of accumulating or trapping charges or the function of 
holding a charge polarized state, which is a single layer or a 
lamination film of, an insulator film including a silicon nitride 
film; an insulator him having therein a conductor film or a 
semiconductor layer; an insulator film having therein one or 
more dots made of a conductor or a semiconductor; or an 
insulation film including a ferroelectric film in which internal 
charges are polarized by an electric field and its state is held. 

49. A portable electronic apparatus comprising the 
semiconductor storage device according to any of claims 1 to 44. 
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ABSTRACT . 

The present invention provides a semiconductor storage 
device having: a first conductivity type region formed in a 
semiconductor layer; a second conductivity type region formed 
5 in the semiconductor layer in contact with the first conductivity 
type region; a memory functional element disposed on the 
semiconductor layer across the boundary of the first and second 
conductivity type regions; and an electrode provided in contact 
with the memory functional element and on the first 
10 conductivity type region via an insulation film, and a portable 
electronic apparatus comprising the semiconductor storage 
device. The present invention can fully cope with scale-down 
and high-integration by constituting a selectable memory cell 
substantially of one device. 
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